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EXECUTIVE SUMMARY 

The purpose of this report is to provide NASA 
with a rationale and recommendations for planning, 
implementing, and operating an Earth Observing 
System data and information system [!.at can evolve 
to meet the Earth 0bser.ving System’s needs in the 
1990s. The Earth Observing System (Eos), defined 
bv the Eos Science and Mission Requirements Work- 
ing Group’, consists of a suite of instruments in low 
Earth orbit acquiring measurements of the Ea-th’s 
atmasphere. surface. and interior; an information 
system to support scientific research; and a vigorous 
program of scientific research, stressing study of 
global-scale processes that shape and influence the 
Earth as a system. The Eos da:a and information sys- 
tem is conceived as a complere research information 
system that would transcend the traditional mission 
data system, and include additional capabilities such 
as maintaining long-term. time-series data bases and 
providing access by Eos researchers to relevant non- 
Eos data. The Working Group recoralmends that the 
Eos data and informatior? system be initiated nos,  
with existing data, and that the system evolve into 
one that can meet the intensive research and data 
needs that will exist when Eos spacecraft are return- 
ing data in the 1990s. 

Eos SCIENTIFIC AND OPERATIONAL 
ENVIRONMENT 

Meeting the Earth science objectives of the 
1990s. delineated by the Eos Science and Mission Re- 
quirements Working Group, requires in many cases 
access to data from a number of instruments, from 
in situ observations. and to data that have been 
placed in time-series data bases that extend over a 
decade or more. In that sense, Eos as a program wil l  
clearly transcend the traditional NASA flight- 
project model, which stresses spacecraft observa- 
tions o\er a selected. and usually relatively short. 
period of time, and includes initial analysesof theac- 
quired data. Thus, major issues for Eos and its data 
and information system include how Eos will oper- 
ate both as a flight project and as a long-term scien- 
tific research program. 

We en\ision Eos instrument teams that will guide 
instrument and algorithm development and will be 
involved in mission operations and scientific analy- 
ses of the data. We also envision that consortia of 
researchers. many stressing multidisciplinary analy- 
ses, s i l l  form and intensely work with Los data for 
extended, although not indefinite, periods of time. 
I n  some cases, these research grcups will reque\t that 
special sets of observations from a variety of sgurces 
be acquired to meet their research needs. Many Eos 
researchers will need efficient access to relevant lion- 
Eos data bases and to a variety of models to conduct 

their research. We envision many Eos researchers be- 
ing supported under ongoing NASA Earth science 
programs associated both with Eos and with other 
global Earth science programs. 

We therefore recommend that the Eos data and 
information system serve both the Eos project and 
the more general NASA Earth Science and Applica- 
tions program needs, providing needed continuity to 
receive data from other sources (e.& the Upper At- 
mospheric Research Satellite, the Ocean Topog- 
raphy Experiment spacecraft) and from the Eos 
spacecraft, to deliver these data to temporary reposi- 
tories for conversion to physical units, and to sup- 
port long-term archives where the data will be ac- 
cessible by and available to the greater scientific 
community. 

Mission operations and standard data processing 
tasks should be tailored to acqoire and produce 
vizble scientific data for a given instrument. The in- 
itial data should be housed in temporary mission or 
instrument repositories for primary analyses. These 
data should then be provided to data centers for 
long-term maintenance and access by scientific re- 
searchers. In a number of cases, subsets of Eos and 
relevant non-Eos data should be maintaiqed at active 
data base sites to support specific research tasks (ac- 
tive data bases are subsets of data that are being 
routinely used in research and are under direct con- 
trol of a given research group). The resultant, highly 
processed data sets and associated documentation 
should migrate back to the data centers once the 
specific. chartered research tasks of an active data 
base have been completed. The core of the Eos data 
and information system should be an electronic in- 
formation network, allowing access to the full saite 
of Eos system capabilities. This nersork should be 
flexible, providing access to mission operations, ar- 
chives. selected active data bases, and to, for exam- 
ple, large mainframe computers for certain, very in- 
tensive, computational activities (e.g., modeling) 
needed to support Eos data analyses. 

There will be at least four major types of Eos data 
and information system users: 

I .  The first type includes instrument team 
members and support personnel, associated 
with Eos instrument or mission operations 
centers. They will need to monitor continually 
a sampling of data in near-real time for quality 
assurance, error detection, and instrument 
malfunction assessment. They should have the 
capability to reconfigure observational se- 
quences when malfunctions or special events 
occur. We do not expect ;hat all personnel will 
need to be resident at the centers, since the €os 
information network is envisioned to provide re- 
mote. electronic access to the centers’ functions. 

v 
FXCEGtiJG PAGE B U N K  NOT FILMED 



A second group of users will consist of re- 
searchers. instrument team members or 
operations-oriented personnel who need 
instrument-specific. near-real time, or even 
real-time data processing, delivery, and 
display capabilities. In some cases (e.g., 
NOAA or DoD) large data volumes will likely 
be required. 

The third user group will consist of researchers 
who will need to interrogate directories and 
catalogs of Eos and other relevant data on  an 
instrument. geographic location. and time of 
acquisition basis. They Hi l l  also need to order 
data, and in some cases they wi l l  request that 
particular observaticlnal sequences be ac- 
quired with Eos instruments. 

A fourth group of researchers also w-ill need to 
interrogate directories and catalogs of Eos and 
pertinent nun-Eos data but is distinguished 
from the third group by a need to browse Eos 
data visually via attributes, or preferably via 
expcrt systems (to find particular features, at- 
tributes, or special cases). 

In many circumstances, ranging from pipe-line 
data processing activities to researchers dealing H i t h  
Eos-data archhes. access to non-Eos data s i l l  be 
crucial to meeting processing and analysi5 require- 
ments. Thus, the Eos data and information system 
should protide a directory tu the catalogs of pertin- 
ent non-Eos data and, in some cases, tu I he catalogs, 
data, and processing algorithms, per se. 

RECOMMENDATIONS FOR THE 1990s 

The Eos data and information system must be 
designed to meet the challenges of Eos mission oper- 
ations, transparent data access. transmission, pru- 
cessing, and maintenance, as Hell as those imposed 
by the needs of scientists for non-Eos data seis. The 
system should also accommodate “operational” 
users (e.g.. NOAA) i f  their actitities do not detri- 
mentall) impact the conduct of Eos ccientific task<. 
I f  operational use5 are to be made of Eos data. and i f  
these users significantly affect the information s>%-  
[em. then those operational users or agencies should 
be expected tu prwide the s>stem enhancements 
needed to meet their specific requirements. 

Wedelincatewithin thisreport anumber of func- 
tionsthat an Eusdataandinformation \ystemcjfthe 
1990s should fu l f i l l .  These functions du not con- 
strain physical locatioti of personnel. data. or pro- 
cessing capabilities. In the 19905. ueekpeci thai local 
processing capabilities. combined H i t h  modern net- 
\tork capabilities it i l l  allow a geographically di\tri- 
buted information system to become a reality. In 
fact, the goal of the data and information sgstem 
should be to provide the scientific community w i t h  

remote electronic access to the variety of capabilities 
and services that Eos will provid?. 

We recommend that the Eos data and informa- 
tion system of the 1990s be designed to accom- 
modate a suite of required functions, including: 

I .  Eos flight system functions, including the 
recommended functions and characteristics of 
both remote sensing instrumentation and on- 
board oat2 systems. 

Right systems functions are presumably more 
closely akin to those dealt with in previous missions. 
There are, hmever. neu requirements being placed 
into this category. requirements consistent H i t h  both 
evolving research methodologies and developing 
technologies. Specifically, given the larse data 
volumes and rates envisioned. there wil l  bea need for 
expert systems, automated command and control, 
transparency in command control. rapid response, 
onboard monitoring. significant onboard buffers, 
etc. Technically, the flight systems aspects of Eos 
may be quite challenging. 

2. User functions. which embrace the likely ways 
in u hich researchers, operations personnel, 
instrument scientisis and teams, and ot.‘ler in- 
dividuals requiring access to Eos services wi l l  
operat e. 

Urer functions as a characteristic grouping are 
unique to Eo:. In general terms. we emision the 
users of Eos and its data and information system 
playing a significantly greater role than in tile past. 
Researcherr should be tasked w i t h  the responsibility 
of ensuring the overa” functional capability of the 
(>stern. presumabl?. in an o\ersight and advisory ca- 
pacity. Scientists should be obligated to return to the 
archives reduced or derived data sets resdting from 
their research. Thus, the communications c!f data 
and information \ t i l l  be bidirectional and not merely 
a one-nay conduit u i t h  the researcher at the end of 
the system. 

3. Operational functicins. including those in- 
herent in spacecraft and data and in formation 
system operation. 

Operational functions. like flight \>stems func- 
tions, \til: bear some resemblances to previous mis- 
sions. Since we anticipate that Eos Hi l l  operate dur- 
ing the same timeframe as the Space Station. i t  is 
likely that some subset o f  the operational re- 
quirements may be met by activities not under the 
direct control of Eoc, t he research project. As an ex- 
ample, the bidirectional communicatiuiis l ink  be- 
tween spacecraft and ground facilities w i l l  un- 
doubtedly be operated and managed by non-project 
personnel. There are a host of other operational re- 
quirements that \ \ i l l  not be provided by other ac- 
tivities and must be satisfied H i t h i n  the confines of 
EOS per se. These requirements include quick-look 
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data production for quality assurance purposes, 
command manaement , quality assurance, access 
services, near-real-t ime processing, etc. 

4. Eos information services functions. encom- 
passing the suite of network services (both 
space- and ground-based) that are required. 

Information qetwork services functions areenvi- 
sioned to be far more extensive and comprehensive 
than those employed in previous experiments. Sys- 
tem transparency while accessing geographically 
dispersed. heterogeneous data archives wi l l  be a fun-  
damental requirer1:ent. We believe the primary goal 
of ihe system should be remote. electronic access to 
;he host of serviccs and capabilities afforded by Eos. 
These include mission and ipstrument operational 
planning; access to directory, catalogs. and data 
bases; 2 spectrum of communication services; man- 
agement of inter- and intra-system informat ion 
f low;  access security, etc. Provisions must be made 
to ensure maximum flexibility in data management 
and communications network design, accommodat- 
ing needs of future researchers. 

5 .  The functional requirements characteristic of 
advanced data base management practices. 

The requirements for Sdvanced data base man- 
agement functions are probably more extensive than 
for theother functional groupings. They may be sub- 
divided into electronic directory and catalog, browse 
file, data ordering, documentar ion ,  data archives, 
and standards requirements and functions. The 
prime purpose of incorporating extensive advanced 
data base management capabilities is to maximize 
scientific efforis and exploit Eos capabilities to their 
fullest. The requisite functions uithin this group are 
designed to allow scientists to focus on research, 
rather than on the details of accessing and preparing 
data for analysis. 

6. Eos data processing functions. tailored fu 
meeting a spectrum of requirements imposed 
by the four major types o f  Eos data and infor- 
mation system users. 

Data processing requiremenis 1% i l l  be highly 
\aried. They range from quick-look processing for 
instrument and mission operational perwnnel, tu 
routine preprocesring io LeLels 0 and IA, to higher 
level data reductions, to mainframe modeling capa- 
bilities. Near-real and real-time nrocessing M i l l  be re- 
quired for operational purposes and may beof value 
for interactive browse actib itier. Proces5ing capacity 
and performance should be capable of flexible 
enhancement to meet evolving needs defined b! in-  

strument teams. Data reduction, grid overlay, stan- 
dard projection data set production. and data set 
merger w i l l  be required by the majority of Eus 
researchers. Throughout t hese data processing ac- 
tivities, self-documenting rofruare uill be needed to 
produce inventory, catalog, and directory entries. 

7. Functional requirements for non-Eos data 
bases consistent with overall Eos scientific 
objectives. 

The principal function associated with non-Eos 
data bases is straightforward, transparent access. 
Ideally, this would provide the researcher with a 
“one-stop shopping” capability. Through close col- 
laboration of archival personnel and advanced net- 
work capabilities, a researcher could explore data 
catalogs. browse data sets. select pertinent data, and 
order these data. all frvm the same facilities that he 
cus:omarily uses for similar services from Eus ar- 
chives. Although the major difficuliies that will be 
encountered are polit ical, every effort should be 
made to provide these functional capabilities since 
the success of Eos wil l  be larptly dependent upon a 
researcher’s ability tci utilize all relevant data in his 
work. 

Eos will be a unique space-research program; 
unlike many, the functional elements of its data and 
information system are highly interdependent. Re- 
sponsibilities residing within oneelement or category 
mdy require contributions from one or more addi- 
tional elements for completion. Thus. ./or €os to he 
sirccessfitl, all of the reqiriremenis and s~stenis’ ai- 
trrhiries delineated within this repori (and hriefl! 
svmniarized in an appendix) niiisi he provided. Fur- 
thermore. to ensure that the resultant system can 
meet researcher’s r,eeds, the architectural design 
should feature and utilize tuo fundamental prin- 
ciples or contemporary design techniques through- 
out. Tkese principles are “layering” (the technique 
of dividing and conquering that produces modular- 
i ty)  and “standardization” (of formats and proto- 
cols, which promotes data autonomy, hence trans- 
parency). Together, the! can be used to create a data 
and information system that is adaptively flexible, 
transparent to the user. and robust, providing the 
foundation for diverse and evolving data processing 
and archival needs of Eos re;earchers and opera- 
tional usen. 

RECOMMENDATIONS FOR THE 1980s 
The key to successfull) implementing the recom- 

mendations for the 1990s rests squarely uith the 
care, planning, and ailention debuted to initiating an 
Eos data and information system during the 1980s. 
The requisite information system should be evolu- 
tionary. supporting ongoing and near-term NASA 
prugrams in the Earth sciences uith existing data. 
We recommend that the Eos data and information 
system be built upon the experience gained from 
NASA’\  existing pilot data system projects (i.e., 
Pilot climate. Pilot Ocean. and Pilot Land Data Sys- 
tems) wi th  a focus toward Eos data and information 
system objective$. c‘ further recommend close col- 
laboration and coordination uith the Unidata 
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initiative of the University Corporation for At- 
mospheric Research (UCAR), and utilization of the 
Global Resource Information System philosophy as 
a unifying concept. 

The pilot projects and Unidati address discipline- 
unique problems. On the other hand, the Global 
Resource Information System concept stresses ac- 
cess to data from each of these pilots and from other 
relevant NASA and non-NASA data bases. In es- 
sence, a major task that can and should begin now is 
facilitating access to the geographically dispersed, 
heterogeneous data bases that already exist within 
these pilot projects and at a number of university and 
agency locat ions. 

Development of the information system should 
be done in close collaboration with scientists sup- 
ported under NASA’s Earth Science and Applica- 
tions Division programs. In doing so, researchers 
would use the network and access, for example, the 
pilot da systems, thereby exercising the overall em- 
bryonic system and allowing NASA and its research 
community to gain experience appropriate to estab- 
lishing a dat- 2nd information system well suited to 
the Eos spacecraft era. We therefore recommend 
that the Earth Science and Applications Division 
fund a limited number of multidisciplinary studies 
and discipline-oriented research teams (reql;iring 
multiple data sources) that can begin to address 
specific Eos scientific objectives in biogeochemistry, 
hydrology, and climatic research, as well as in 
specific disciplines requiring multiple data sources. 
These teams will provide ycientific focus for develop- 
ing the Eos data and information system, including 

developing detailed requirements for needed data 
sets, for the data base management and network en- 
vironment, and for evaluations of whether theevolv- 
ing informatior? system adeqiiaiely meets scientific 
needs. In developing the information s)dern, par- 
ticular emphasis should be placed upon technology 
associated with flexible and transparent access to 
dispersed, heterogeneous data bases, to advanced 
data base management techniques (including search 
capabilities employing expert systems), and to cost- 
effective electronic network approaches (including 
direct broadcast of data). 

The ,final, and perhaps pivotal recommendation 
of this panelis to initiate the planning and iniplemen- 
ration of an evolutionary Eos dara and in formation 
system without delay. A functional system providing 
the means through which Eos data will be fully ex- 
ploited cannot be built in a matter of 3 few years; it 
must be encouraged and allowed to evolve in concert 
with tk-ever increasing knowledge baseof the Earth 
scienc6rs and with the requisite expertise to manage 
this dara base. There are two imperatives or guiding 
principles which should be closely followed throuph- 
out this evolutionary process. They are (i)  involve the 
scientific research community at the outset and 
throughout all subsequent activities, since the data 
will be acquired, transmitted, and processed for 
scientific research, and ( i i )  provide a representative 
group of active researchers w i t h  an oversight and re- 
view responsibility. since the most successful ex- 
amples of data base management involve user 
oversight. 
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The sciences, by their very nature. are evolutionary. The questions posed and information 
needed to address specific problems (as well as the problems themselves) change through time 
as we learn more about a particular phenomenon or process; this is scientific progress. 
Similarly, the computer and wmmunications industries have been and continue to experience 
significant technological progress year after year. With this comes inevitable change: change 
that when capitalized upon wil l  lead to better and more efficient waysof conducting scientific 
research. A report such as this, which deals with scientific data and information systems, 
should not constrain a future system to today's innovations but rather should leave as its 
legacy a firm set of euidinp principles atid recommendations that s i l l  stand and remain valid 
long after its authors have accepted new challenges and sell beyond the time when a specific 
piece of hardware or solisare has become obsolete. I t  will provide an approach and 
methodology for designing and building a flexible data and information system that is consis- 
tent w i t h  the evolving character of the sciences i t  seeks to serve. As well, its flexibility wil l  
allow new technological advances that loom on the horizdn to be readily incorporated into its 
desigi. The Eos Data Panel has. I believe, succeeaed in creating a report of this genre. 

C!-arly. a report of this breadth must draw quite heavily upon the expertise, experience, 
and knowledge of a large quorum of dedicated professionals. On bthali of the Eos Data 
Panel, I would particularly like to thank those individuals uho graciously gave of their time 
and talent to contribgte to this report. Alphabetically, they include: 

Mark Abbott, Scripps Institution of Oceanography 
Dixon Butler, NASA Headquarters 
Jim Dodge, NASA Headquarters 
John Dutton, Pennsylvania State University 
Ed Greenberg, Jet Propulsion Laboratory 
Dick Hartle, NASA Goddard Space Flight Center 
Ed Hurley, NASA Goddard Space Flight Center 
Tom Karras. NASA Goddard Space Flight Center 
Ron Muller. NASA Goddard Space Flight Center 
Rich Pomphrey, Jet Propulsion Laboratory 
Stan Sobieski, NASA Goddard Space Flight Center 
Jeff Star, University of California at Santa Barbara 
Mike Ward, NASA Goddard Srace Flight Center 
Jim Weiss. Jet Propulsion Laboratory 

To the host of other individuals w h o  rrvieeed and commen:ed upon various draft\ of this 
report, our sincere thanks. 

Robert R.P. Chase 
Chairman, Eos Data Panel 
Woods Hole. Massachusetts 
October 1985 
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I. PURPOSE AND SCOPE OF REPORT 

fhe Earth Observing System Science and Mis- 
sion Requirements Working Group was formed as 
an ad hoc advisory body to NASA's Earth Science 
and Applications Division and was charged with 
evaluhting: (i) the potential for increasing our 
understanding of the Earth and how it works by 
utilizina systematic, multi-instrument observations 
from low Earth orbits, (ii) the role of in sifu 
measurements, and (iii) requirements fgr programs 
of theory and data analysis to support scientific in- 
terpretations of these data. The Working Group 
delineated a number of high-prioritj, global-scale 
Earth .cience questions that should be addressed 
during the next decade. They then considered 
synergistic groupings of instrumerts to best meet 
these scientific objectives, the role of in sifu 
measurements, and the need for a :omputation and 
data management environment that woiild facilitate 
research in an Eos era'. 

The Working Group pointed out that the data 
variety. complexity, and volume to be produced by 
Eos instruments would present major challenges in 
mission operations, data transmission, processing, 
and long-term maintenance of data that will ulti- 
mately constitute a portion of the time-series data 
bases. In fact, the Working Group considered that 
Eos as a whole should be thought of as an informa- 
tion system, whose development should begin now, 
with existing data. Through use of sound manage- 
ment principles and appropriate technologies, this 
information system could evolve to meet the needs of 
Eos during the 1990s. 

The Working Group was succeeded by an Eos 
Science Steering Committee. This Committee pro- 
vides a broad scientific oversight for the Eos Pro- 
gram and Project. The Steering committee has, in 

turn, established a number of panels, one of which is 
the Eos Data Panel. 

The Data Panel was charged with examining an 
Earth Observing System data and information sys- 
tem in more detail. This report, resulting from 
deliberations by the Eos Data Panel, is intended to 
provide guidance to NASA in developing the req- 
uisite €os data and information systm to meet the 
needs of the Eos researchcommunity throughout the 
next decade, including the era wheal Eos ins!ruments 
will be acquiring data. 

The Eos Data Panel began its deliberations by 
creating realistic scientific research scenarios (Ap- 
pendix I )  thht closely parallel the scientific objectives 
set forth in the Eos Science and Missicln Requirc- 
ments Working Group Report. The Panel then re- 
viewed the current state of and likely developments 
within !he computer and telecommunicatims indus- 
tries. This information, together with the lessons of 
history (embodied to a great extent within the Na- 
tional Academy of Science committee on Data Man- 
qement and Computation reports), forms the basis 
for developing the data and information system's 
scien!ific and operational environment (Chapter 11). 
Based upon the requirements, attributes, 2nd 
characteristics of this environment, information 
system design and architectural considerations 
(Chapta 111) were determined. 

Throughout this process, the Panel encountered 
many fzatures that make Eos unique among flight 
projects. These unique features must be given 
careful thought and consideration by NAS.4 man- 
agcment (Chapter IV) if Eos is to be successfully im- 
plemented. Finally, the Panel summarized its major 
findings and delineited an approach or implementa- 
tion strategy for d:veloping the Eos data and infor- 
mation system (Chapter V). 



11. Eos SCIENTIFIC AND OPERATIONAL ENVIRONMENT 

The Eos Data Panel developcd requirements for 
an Eos data and information system operating in the 
1990s by considering a number of possible research 
scenarios. Several of these scenarim are presented 
for reference in Appendix 1. There are clearly strin- 
gent requirements, based on the scientific user 
scenarios, for determining what Eos, other NASA, 
and relevant non-NASA data exist, acquiring these 
data in suitable form, and naving the capability to 
analyze the data. In addition, there are challenging 
requirements for mission operations. especially 
when operational or rapid response functions are 
considered. In the following pages we discuss re- 
quirements for an Eos data and information system 
designed to address those needs. 

Eos DATA USERS 
In determining the characteristics and attributes 

of an Eos data and information system, the intended 
user community must be identified, its access pat- 
tecns aiiticipated and delineated, and the projected 
volume of requests estimated. We have identified 
four major classes of Eos data users: 

1. Eos Operations Centers Users 

In order to ensure the collection of complete data 
sets. free of instrument errors, timely delivery of 
data to Eos mission or instrument operations centers 
will be necessary. A sampling of data from all in- 
struments should be processed and delivered to the 
centers in a format that is easily displayed and under- 
stood. These data will need to be continually moni- 
tored to ensure reliable collection. I f  problems oc- 
cur, a center *ill need !o have the capability to trace 
the data flow back through the processing system to 
the instrunlent, aiding in the isolation and correction 
of problems. 

2. Instrument Specific, Real-Time Data Users 

During the Eos spacecraft era, an instrument 
specific, real-time data user will require online data 
processing and display capabilities. Within this user 
group there are several subgroups. aperational 
users, such as NOAA or DoD, who will require en- 
tire, real-time data sets from specific instruments, 
constitute one subgroup. Their processing require- 
ments will range from raw data to fully proccssed 
scientific data. 

A second subgroup is cor.?rosed of instrument 
teams or research groups selected from an An- 
nouncement of Opportunity. Thev may itquire con- 
trol over the capabilities of various instruments to 
s2!isfy scientific requirements. In general, these 

groups will require quick-look processing of data 
from a specific set of iiistruments, over specific 
regions, at specific times. The processed information 
should be rapidly transmitted to these user teams so 
that it can be used in deciding, for example, the relo- 
cation of mobile, in riru measurement systems (e.e , 
aircraft, ships, autonomous platforms). 

A third subgroup can be loosely teriiled the spec- 
tacular event monitoring group. This group re- 
sponds rapidly to major scientific events, such as 
volcanic eruptions. It differs in function from the 
previous group ir, ihat the lead time for planning and 
coordinatiot! 13 greatly reduced. Consequently, it 
will reqvire rapid decision-making capabilities in F n  
Eos aperaticns center and an established real-time 
processing and display capability that can be used to 
monitor an event. 

The potential size of these groups can be esti- 
mated using existing organizations and funding as a 
guide. It has been assumed that there will be no ma- 
jor increase in thenumber of scientists or funding for 
the !%th sciences in general, except for the direct 
funding necessary to proceed with Eos. The only 
real-time operational users of Eos data requiring 
full, instrument data streams will probably be 
NOAA and possibly DoD. At any given time, there 
probably will be several groups (order 20) requiring 
quick-look data and a few (perhaps one or two) re- 
questing instrument command control. 

3. Users of Archival Data, Requirements Known 

This group of users has known requirements for 
instruments, geographic areas, and limes of dats ac- 
quisition. It will require a catalog of data availabil- 
ity, with quality attributes of the data sets. The J I L ~  

of this grcup could be as large as 1,OOO to 1O.W 
users. Of this group, approximately 50 to 200 will be 
active users at ally given time. Each group member 
wotild beordering 5 to locomputer tapes per month. 
A few ( I  to IO) of the active users will be ordering 
larger volumes of data. With the anticipated im- 
provement in  computer technology in the 19YOs, i t  is 
expected that these users would want to order and 
process apnrovimately 10 timcs as much data as they 
do currently. 

4. Users of Archival Data, Attributes Known 

This user group differs from the others in that i t  
addresm scienti tic problems that require data with 
certain attributes (e.g., a particular type of cloud. a 
vegetation feature with certain characteristic$). This 
will require a browse capability to select appropriate 
data. 

There are two different types of browse re- 
quirements. One i y  a visual presentation of the data 



along with catalog listings of attributes. Well de- 
fined, standard data attributes within a discipline 
should be selected automatically and extracted for 
catalog entry during data processing. The attribute 
file should also be expandable, enabling user- 
identified attributes to be added. Similarly, as new 
algorithms are developed for identification of at- 
tributes, these algorithms should become part of the 
attribute file processing system (but old data should 
not be reprocessed to include these attributes with- 
out substantial peer and management review). The 
user community for these browse catalogues could 
be as large as 10,OOO individuals. 

' h e  second browse capability required is a re- 
dured volume data set suitable for custom process- 
in.; by researchers. This data set will need to be 
awilable at a number of processing levels. Most 
usors of these browse data sets will want highly pro- 
cessed versions of the data. Ti.- 'iser conmurrity for 
this type of browse capability could be as large as 5 0 0  
to 5,000. 

DATA ACQUISITION 
The concept of interactive, transparent system 

access should guide the creLtion of an environment 
in which scientists wii! operate when using the Eos 
data and information system. This concept includes 
the complete data acquisition (including archival 
data as well as new observational sequences) and 
alalysis cycle, since it addresses both the need tc 
ti ansform a request into action (causing a remotc 
system element to acquire data) and the need to 
deliver processed results to the requester. A resear- 
cher's system interface device may be as simple as a 
smart terminal or as complex 2s a large, mainframe 
computer, with the majority of scientists depending 
upon commercially available, microcomputer-based 
workstations. Access to in-flight subsystems should 
be provided through a coordination and control sub 
system for all comniands; those not requiring more 
than the allottrl amount of critical system resources 
should pass through this subsystem transparently. 
Within a downlink telemetry access period, execu- 
tion times for any flight syrtem operating within the 
Eos data ar.d information system should be in sec- 
onds, and those for archival data should be within 
minutes for small bolumes, hours for medium vol- 
umes, and days foi large volumes, depending upon 
the priority of lhe request. Thus 'ransparent access 
and rapid and timely responses are not only expected 
of the system, but also are a preiequisite. 

Uplink Activities - Data Requests 
Requesting observations from a flight instru- 

ment will involve decisions based on preset priorities 
and the cooperation of many simultaneous resear- 
chers and operational users. This necessitates the use 

of a master schedule that should be updated everyor- 
bit. The schedule should contain logistical informa- 
tion needed to plan an observation. Access to the 
schedule and the subsequent planning could be done 
electronically via a terminal, by formal proposal, or 
by agreement between collaborators. The system 
should utilize prompting algorithms for requests 
made electronically. 

Uplink Activities - Activity Planning 
Eos will utilize many strategies for data dcquisi- 

tion. Planning, of necessity, should be conducted in- 
teractively, utilizing project-provided software tools 
for design, integration and coostraint assessment, 
and current resource summaries. These tools should 
allow command sequence design and integration, 
from simple requests to complex operations that re- 
quire the coordination of several Jubsysterns and in- 
struments for multidisciplinary investigations. With 
these tocls an experimenter could develop integrated 
command sequences that may be executed over long 
time periods, performing routine observations or 
providing for complex, critical observations in 
response to unique opportunities. The development 
of these plans could be interactively performed in 
concert with other investigators (via teleconferences) 
and with access to central archives of reference data. 

Uplink Activities - Command 
We envision several options available to the user, 

depending upon the desired operational scenario. 
Comviands should be separated into categories that 
are noninteractive, interactive, and critical. Com- 
mand execution could be in real time, near-real time, 
or preplanned. Interactive commands that require 
critical onboard resources should be procrssed at a 
ground-based control center, while noninteractive 
commands should be transparently transm,rted 
from the user to the onboard system for final assess- 
ment and forwarding to the appropriate instrument 
or subsystem. Commands to be used in an emergen- 
cy situation should have prior va!idation and be e n -  
trally stored for immediate delivery. Eos should 
utilize all of these operational capabilities. 

Uplink Activities - Monitor and Controi 
During particular operations, necessary 

engineering and quick-look data should be provided 
to researchers for monitoring purposes. These data 
should be delivered in near-real time with delays of 
order seconds when the spacecraft is within a down- 
link tekmetry reception period. For emergency com- 
mands, loop delays should not be more than 30 sec- 
onds between command delivery and received re- 
sponse. Investigators should have the capability to 
monitor their instrument from theii home institu- 
tion, and under certain cmditions they may need 
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command access. Access security must therefore be 
maintained at appropriate levels at all times. 

Onboard Processing - Command 
Onboard systems should be used for decisions 

when rapid response is needed. These situations may 
include changes of gain settings, filters, or data ac- 
quisition rates during anomalous conditions. These 
capabilities can be based on expert systems or soft- 
ware algorithms and could be used to plan h e r -  
disciplinary investigations. Systems of this genre 
could respond to short-term events in a coordinzted. 
priority fashion, allowing scientists to take advan- 
tage of measurements that otherwise would not be 
acquired. 

Onboard Processing - Function 
Monitoring 

Flight instruments will require a certain level of 
onboard monitcring to ensure their functional capa- 
bility and that of various subsystems. The areas of 
greatest importance are fault identificatioi , isola- 
tion, and protection. Systems used for this purpose 
could be a con.bination of software algorithms and 
symbolics code. Many of the ground-based monitor- 
ing functions could be automated, tested on the 
gromd, 2nd eventually integrated with the space- 
craft for onboard system control. 

Onboard Processing - Data 
Onboard data processing provides an opportu- 

nity to reducethevolumeof information transmitted 
to theground. Systemsandalgorithms that makede- 
cisions involving data acquisition strategies and 
record content should be used, thereby helping LO 

maintain a reasonable downlink telemetry load. 
Techniques for data compression. editing, filtering, 
and refining data should be used for operational 
data sets. Certain levels of data reduction from on- 
board decisions may become a reiility. 

Onboard Processing - Telemetry 
Thc onboard processing system should have the 

capability to format, error code, and buffer telem- 
etry data, as well as the capability to merge critical 
ancillary data needed for quick-look and other anal- 
yses. This assumes that data collection would be per- 
formed by a scheme that does not require filler data 
to produce a standard record length, or set interroga- 
tion times. 

Onboard Processing - Direct Broadcast 
Direct broadcast data from NOAA environmen- 

tal satellires have proven to be valuable for many 
users. Therefore, it is desirab!e that this kind of 

operation be continued from E o s  platforms carrying 
operational instruments. It should be possible to 
receive directly transmitted data at any modestly 
equipped ground station that is within line-of-sight 
of an Eos platform. This is also an important capa- 
bility for high data rate research instruments (e.g., 
the High Resolution Imaging Spectrometer or the 
Synthetic Aperture Radar), whose duty cycle may be 
constraiped by the satellite’s data recording system 
capacity and downlink availability. Most direct 
broadcast data should be produced in a raster format 
that can be readily interpreted. 

Data Acquisition - Real-Time Monitoring 

The E o s  data system should have a real-time 
telemetry data processing system to monitor satellite 
and inwument status, and to confirm responses to 
uplink commands. Data for this purpose should be 
received in real time, perhaps by direct broadcasts 
from the satrllitc. Eos must maintain a mission oper- 
ations center whtre this real-time data is processed 
and available to operations personnel. We envision 
that at least 95 percent of the real-time data broad- 
cast by the satellite could be received, preprocessed, 
and displayed within 60 seconds from the time of 
transmission. 

Data Acquisition - Data Records 

The communications link between the Eos plat- 
form(s) and ground-based data reception facilities 
should be very stable. As a design god, for any given 
orbit, all of the data transmitted by the space plat- 
form should be received in a form suitable for pro- 
cessing (e.g.. as standard formatted data units) by 
the ground system, within 90 minutes of acquisition. 
To achir;.e this high percentageof data acquisition, it 
may be necessary to develop recall mechanisms to re- 
cover data lost during downlink transmissions. An 
accurate accounting of data received will be 
required. 

Data requence and encode peculiarities should be 
removed by the data reception system. Data that is 
transmitted from d recorder. in reverseorder, should 
be rectified and presented in chronological sequence. 
Any encoding or data packet formation applied to 
data for downlink transmission must be removed 
(i.e., after the data have been preprocessed by the 
data reception system it should be in the same format 
that it was in when it left the instrument system). 

For each unit of data (e.g., one orbit, one hour) 
preprocessed by the data receiving system, a catalog 
inventory record should be generated. This record 
should contain data rxord starting and ending 
times, data accountability information, etc. This in- 
formation should be maintained by an Eos data cata- 
log system. 
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Data Acquisition - Ancillary and 
Correlative Information 

Both for research and quality assurance pur- 
poses, ancillary and correlative information will be 
needed. Much of this information will be derived 
directly from various spacecraft subsystems (e.g., at - 
titude control. universal time) or through an ad- 
vanced data collection and location system. In both 
cases, these data should be readily available to the 
€os data and information system and provisions 
should be made to merge these data with Eos instru- 
ment data, as required. 

Other types of ancillary information will be resi- 
dent in non-Eos archives. Access to these data may 
be crucial to a particular research project or to 
understanding the characteristics and calibration of 
a given instrument. Consequently, provisions should 
be made to access this information as needed. 

DATA PROCESSING 
The full value of satellite-derived data cannot be 

realizd unless careful thought is given to its process- 
ing. maintenance, and distribution. The Eus data 
processing system should: 

1. provide near-real-time processing in support 
of field experiments, event monitoring, and 
quick-look scientific data analyses; 

2. process data to a level that is readily usable, by 
applying algorithms that have been approved 
and validated by the research community; and 

3. maintain and distribute data sets (i-e., both 
unprocessed and processed), ancillary infor- 
mation, and documentation that describes the 
processing procedure;. 

Eos data can be processed in the traditional sense 
by principal investigators or investigator teams at 
university-managed facilities, or by project teams at 
project-managed facilities. In either case the need 
for timely production of research-quality data sets is 
essential. All data processing requirements noted in 
this report are independent of specific organiza- 
tional assignments and must be met by any facility 
(including commercially operated? that is producing 
Eos data. 

Near Red-Time Processing 
The Eos data processing system should support 

near-real-time data and information processing. 
These data will be used to support field experiments, 
monitor environmental events (volcanic eruptions, 
forest fires, floods, etc.), and provide the research 
community with an instrument quick-look capabil- 
ity. In general, quick-look information should be in 
the form of a graphics metafile or an image file that 

can be transmitted efficiently over medium-rate 
(9,600 bps) communications links and displayed on 
generally available graphics and image display ter- 
minals. To be of greatest utility, this information 
should be available within the time period of one or- 
bit (nominally 90 minutes). Many of the near-real- 
time data sets will be selected prior to instrument 
deployment, but it should be possible to implement 
new data requests in response to evolving research 
needs and as new field experiment support require- 
ments are identified. 

Data Reduction - Processing Level 
Definitions 

To facilitate the discussion of data processing. 
several processing “levels” are defined and used 
throughout the remainder of this report. These de- 
finitions are: 

Level 0 - Reconstructed unprocessed instrument 
data at full resolutions. 

Level I A  - Reconstructed unprocessed instru- 
ment data at full resolution, time referenced, and 
annotated with ancillary information, including 
radiometric and geometric calibration coeffi- 
cients and georeferencing parameters (Le., plat- 
form ephemeris) computed and appended but 
not applied to the Level 0 data. 

Level I B - Level 1 A data that has been processed 
to sensor units (i.e.. radar backscatter cross sec- 
tion, brightness temperature, etc.). Not all in- 
struments will have a Level 1B equivalent. 

Level 2 - Derived environmental variables (e.g.. 
ocean wave height. soil moisture, ice concentra- 
tion) at the same resolution and location as the 
Level 1 source data. 

Level 3 - Variables mapped on uniform space- 
time grid scales, usually with some completeness 
and consistency properties (e+, missing points 
interpolated, complete regions mosaicked to- 
gether from multiple orbits). 

Level 1 - Model output or results from analyses 
of lower-level data (i.e., variables thai were not 
measured by the instruments but instead are de- 
rived from these measurements). 

Level of Processing 

A Level 1 data record is the most fundamental (i.e., 
highest reversible level) data record that has significant 
scientific utility, and is the foundation upon which all 
subsequent data sets are produced. Consequently, all 
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Eos data should be processed to at least Level 1. 
Given thevolumeofdatainvolvedand thelikelihood 
that instrument teams and individual researchers wil l  
opt to process or have processed only select subsets 
of data, it  is recommended that processing beyond 
Level I A  be handled on a request basis (except for 
the production of browse data sets). The basic pro- 
cessing should rectify the instrument data at full 
resolution, append calibration coefficients. geogra- 
phic location parameters, etc. It is assumed that the 
accurate determination of calibration, Earth loca- 
tion, etc. wil l  be performed by Eos instrument teams 
and w i l l  be the responsibility of instrument principal 
investigators. These tasks are critical to the success- 
ful utilization af Eos data and as such should receive 
significant attention to forestall any difficulties in 
producing data to Level IA .  

Level 2 is the first level that is directly usable for 
most scientific applications; its value is much greater 
than the louer levels. Level 2 data sets tend to be less 
voluminous than Level I data because they ha\e 
been reduced tempora1.y. spatially. or spectrall?. 
Once verified. the value of  Level 2 data remains high 
for a long period of time, declining only as neuer 
data sets attract the interest of researchers. 

Level 3 data sets aregenerally smaller t han lo\\er- 
level data sets and thuscan be dealt with ~ i t h o r t t  in- 
curring a great deal of data handling overhead. 
Thesedata tend to begenerally more useful for many 
applications. The regular spatial and ternporal 
organization of Level 3 data cets mahes i t  feasible to 
combine readily, data from different sources. The 
ability tu produce combined or overlay data sets N i l l  
great ly facilit ate many scientific invest igat ions. 
Therefore, i t  is recommended that m y  data f r t m  
€os instruments procecsed to Level 3 be produced in 
standard formats. Since the definition of a Level 3 
data set may be applicatioi-dependent i t  may benec- 
essary to produce seberal "standard" data sets o r  
customized sets to meet particular needs. 

In addition to Level I A  data, there Hi l l  be com- 
ponentsufthe Eocdata and information sysiem!hat 
trill be required to produce Level 2 and Level 3 data 
qets tu meet scientific objectives established by Eos- 
sponsored scientific researchers ur research teamc. 
As each data \et is processed, attribu!e and accoun- 
tability information should be compiled (e.g., in- 
strument name, data starting and ending time\. pru- 
cessinp level. algorithms used. number of records 
processed. percentage of data processed success- 
fully) and appended. lhis information could a l w  
form the basis of an inventory record that should be 
maintained by an Em data cataloging subsystem. 

Browse Data Sets 
It  is recommended I hat a reduced volume data set 

be routinely processed tu Level 2 fur brouse pur- 
poses. This data set should maintain the statistical 
properties of  the original. A brouse data set iri th a 

volume of one-tenth to one one-thousandth of the 
original set should provide these properties. The re- 
quirements of data set subsampling and spectral 
band sampling wil l  need further study. Houever, it  is 
suggested that several reduced-volume data sets be 
produced that are targeted for different scientific ap- 
plications (e.g.. from the  moderate resolution imag- 
ing spectrometer). since the degradation of specrral 
resolution is discipline-dependent and in wme cases 
instrument-specific. Spectral bands critical to each 
of the different scientific disciplines should be pro- 
cessed to identify specific data attributes (e.g., per- 
cent cloud cover, snow. soil, veyetation. u ater. scene 
average brightness, standard deviation, surface clas- 
sification. time of day). Pattern recognition 
algorithms should be applied at this step to identify 
attributes that should be recorded in the bro\\se file. 
One feature of these data sets is that they do not re- 
quire euternal, ancillary data sources for processing. 
Finall?, consideration might be given to producing 
bwuse files interactively. from a larger data set. as a 
researcher queries the syEtem. Thus. i t  t\ould be p v s -  
sible to add a \ariety of browse presentations to the 
total Eos holdings. 

Instrument and Algorithm Performance 
All Eos instrument parameters should be 

monitored through the periodic transmission of 
standard diagnu\tic data sets and hy elamining their 
perf-ormance statistically (e.g.. compiling minimum, 
makimum. and mean values, and standard deviation 
for given measurements) or by generating an alarm i f  
the\alueufagi\en measurement doesnot fall \\ithin 
a predicted range. This might best be done t.. PI ex- 
amining Level 1 data and compiling instrumem per- 
formance data f o r  each unit of data processed. It  is 
e5sential that the performance of em*+ instrument be 
monitored. and that une\pected betiat ior be noted 
and evaluated. The hiFtor1 of  an insirument's per- 
fvrmance \hould be rndintained in archives nhere i t  
Hi l l  be readil) available to the research community. 

Eoc-derived environmental variables should be 
monitored in the \ame manner that instrument pa- 
rameters are monitored. Stat istical in for ma[ iiin 

should be compiled for each unit of  Level 2 data pro- 
ce\sed. Continuous monitoring of  alporithm perfor- 
mance is essential i f  Eos is to produce uniformly 
high-quality Level 2 data. The history o f  an 
algorithm's performance should be maintained in 
the archives. 

Validation 
All Eo\ data should be validated to the satisfac- 

tion of the research community. It  i \  anticipated that 
thi\  Mould bedone by first conducting an intenseval- 
idation effort lasting betweep three and c iu  months, 
folloued by an ongoinp monitoring effort. During 

6 



the initial Validation period. Level I and 2 data 
would be substantiated by comparing data from Eos 
instruments with those of similar spaceborne instru- 
ments and with in situ observations. Once the initial 
validation hds been accomplished it will be necessary 
to continue monitoring instrument and algorithm 
performance for departures from the norms estab- 
lished during the initial validation. It may be nec- 
essary to mount additional validation efforts if the 
instrument or algorithms do not perform as antici- 
pated. for quality assurance purposes, or after 
known changes (e.g.. replacement. refurbishment) 
Gf  instruments. It is essential that the scientific com- 
munity participate in b@‘- the initial and ongoing 
validation efforts and th,, pertinent feedback from 
any retrospective scientific analysis be utilized when 
appropriate. 

Algorithm Enhancement and Data 
Reprocessing 

I t  is anticipated that during the course of the Eos 
project, new or enhanced processing algorithms or 
procedures will be found that will substantially im- 
prove the utility of Eos data. When this occurs, the 
Eos data processing system should be sufficiently 
flexible, easily accepting new algorithms and pro- 
cedures. Since algorithm changes are inevitable, an 
accurate processing history must be maintained for 
all Eos data. In some cases, algorithm chanses will 
have such a significant impact that it  will justify the 
reprocessing of previously processed data. There- 
fore the Eos data processing system must be able to 
efficiently accommodate new algori!hms, access 
lower-level data that will be utilized in the repro- 
cessing activity. and update the archives with the 
resultant, improved data. 

Maintenance of Data Sets and Documents 

The main function of the Eos archival subsystem 
is to preserve, maintain, and distribute data from 
Eos instruments ior use by the research community. 
However, the term “archives” is broadly defined; it  
is not merely a repository for data. Rather, it  is an in- 
formation reservoir and conduit where both the 
quality and quantity of data are increasing and 
where access to and use of the data are encouraged. 
The Eoc archives should be able to: 

I .  accept data from Eos instruments at all pro- 
cessing levels; 

2. provide access to non-Eos data that are 
needed for processing of Eos data or by Eos 
investigators; 

3. provide in sirir data used in the processing 
and validation of Eos data sets, or as cor- 
relative data; 

4. preserve, maintain. and distribute all Level 
1A (produced by Eos platforms) and higher- 
level data holdings throughout the lifetime 
of the program; 

5 .  accept higher-level data sets produced by in- 
vestigators as part of their research work; 
and 

6. reprocess Eos data when needed. 

The archives should be able to store and maintain 
these data as well as provide a directory and catalogs 
for their retricval. The directory should include in- 
formation about all Earth sciences data deemed rele- 
vant by Eos-sponsored researchers. The catalog sup- 
porting the directory should include entries for all 
Eos data sets and extend to the holdings of other rele- 
vant archives. when needed. The archives should 
also maintain a complete inventory of relevant scien- 
tific and technical documents concerning the data 
and the archives. Finally, i t  is envisioned that the Eos 
archival subsystem will be geographically distributed 
with elements at both data centers and at the active 
data base site-. It is assumed that these elements will 
be connected via an electronic network and that uni- 
form access to all system services will be provided. 

User Interface 
An Eos archiaial subsystem should be accessible 

from remote terminals or workstations via a promp- 
ting menu or natural language interface, supple- 
mented by a free-form command language for exper- 
ienced users. All capabilities and functions should be 
fully documented in a user handbook and in online 
help files. Consideration should be given to online 
tutorials that could be used to train novice system 
users. For those users who choose not io interact 
directly with the Eos archival subsystem, mail and 
telephone request should be considered. 

Electronic Directory and Catalogs 
An archival wbsystem should provide an online 

catalog of data sets of interest to Eos investigators. 
The data set references in the catalog should be de- 
termined by an Eos scientific advisory group or by 
various user groups. Each data set should have a cor- 
responding higher-level directory entry that contains 
general information about the data set (e.g., spatial 
and temporal coverage. parameters measured, data 
wt name, archives location. availability, and contact 
per.-on). References to pertinent literature should 
also oe included. Those data sets being produced by 
the Eos data processing system should also hake a 
lower-level inventory, containing more details (e.g., 
parameter measured, calibration information, pro- 
cessing levels, applicable algorithm descriptions, 
measurement precision and accuracy. documenta- 
tion) about availability of data at specific times and 



places and appropriate access information (e-g.. 
volume identifier for data sets on optical or magnetic 
storage media). 

A user should have the ability to search the 
catalog by any and all of the following attributes: 
time, place, instrument or a related group of in- 
struments, project or program, parameter(s), data 
set name, etc. The search should be limited to the 
top-level catalog, until a specific data set is selected 
by an investigator for further examination. At that 
point the user should be notified whether a detailed 
catdog exists, and, if so, what further search criteria 
are applicable. Detailed search criteria depend on in- 
formation availability for each catalog. but gen- 
erally should includeat least time, place, instrument, 
and data attribute information. 

An investigator should have the option of dis- 
playing a list of data sets found, or complete top- 
level catalog contents, in a n y  of several information 
categories. If a detailed catalog search is requested, 
the results should contain all appropriate and avail- 
able information for that particular catalog entry. 
Displays should be at the user’s terminal, or on a cen- 
tral printer, at the user’s option. Printed listings 
should include the user’s mailing address, and 
should be shipped by operations personnel during 
the same shift. 

A dtacatalog should contain references to perti- 
nent data sets held by archives other than those 
within the Eos project. Methods for maintaining the 
timeliness and accuracy of these references must be 
established. It should be the responsibility of the Eos 
project to obtain information to be included in the 
catalog, and to verify the accuracy of the catalog 
mnt en t s . 

Document Storage and Retrieval 
The research community cannot effectively 

utilize Eos data unless they have access to both open 
and “gray” literature, containing pertinent 
technical and scientific information (e.g., project 
plans, instrument and algorithm documentation, 
validation results, data system documentation, data 
set descriptions, scientific papers). Therefore, the 
Eos archival subsystem should provide an online 
bibliography containing annotated references to all 
relevant published and unpublished literature de- 
rived from the project. Copies of unpublished pro- 
ject documentation should be retained as a part of 
the Eos data archives. 

A researcher should be able to search the biblio- 
graphy by specifying any number of attributes, in- 
cluding authcr, publication data, subject category or 
sub-categories, instrument, parameter, or original 
document number or citation. The bibliography sub- 
system should respond by displaying the number of 
entries found at each stage of specification. The user 
should then have the option of displaying a list of 
titles found, or complete citation, including 

abstracts. Displays should be at the user’s terminal, 
or on a central printer, at the user’s option. A user 
should have the capability to request a copy of any 
document found in the search. They should also be 
able to access the complete document text electron- 
ically for display or printing at their terminal or 
workstation. 

Data S?! Maintenance and Distribution 
The primary function of the Eos archival sub- 

system is to store, maintain, and distribute data sets 
from Eos instruments, from other supporting space- 
borne instruments, and from in situ measurement 
systems. The Eos archival subsystem should there- 
fore provide the following services, all of which are 
considered to be of equal importance: 

1. Ingest Eos data sets as they become available. 
This includes both scalar and raster satellite data, 
and in situ data sets. The archives should be able to 
absorb the large data sets of the 1990s and beyond on 
a continuing basis without any significant backlog. 
The key to performance and utility of the system is 
the way in which data sets are loaded into the ar- 
chives. The data must be rapidly available, and of 
known quality. Considerable care must be taken in 
the loading process to remove duplication, to ac- 
count for gaps in the data, to sort data into chrono- 
logical order, to detect poor-quality data, and to an- 
notate data whose veracity is questionable. The au- 
thority to purge any data from !he archives should 
reside exclusively within the Eos-sponsored scientific 
research community. 

2. With Eos scientific advisory committee ap- 
proval, purge erroneous or outdated information or 
information with no significant value. The archives 
will be dynamic; just as they must efficiently load 
new data, so they must also efficiently deal with un- 
wanted data. 

3. Satellite swath data archives. Data coverage 
will be either regional (e.g., West Coast AVHRR and 
CZCS) or global. Swath data should be selectable by 
project, platform, instrument, level, version, pa- 
rameter, attribute, time, and region. 

4. Grid data archives. Coverage for Level 3 data 
sets could be regional (e+, SSMA polar grids) or 
global. Selection of Level 3 data should be by project, 
platform, instrument, level, version, parameter, grid 
type, time, and region. 

5 .  Insifudataarchives. Pertinent data from both 
fixed and moving platforms should enter the Eos ar- 
chives. Data from moving platforms may not be well 
organized spatially but should be stored in a sys- 
tematic manner. The storage method for these data 
should depend on data volume and demand. Data se- 
lection should be by project, platform. instrument, 
level, version, parameter, time, and region. 
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6. Performance summaries archives. Data ac- 
counting summaries and other small non-spatial 
data sets should be maintained and distributed when 
requested. Summary data should be produced peno- 
dically. These data sets should have a fixed structure 

only be referenced by the appropriate subset of 

5 .  Directory hdpport only - directs user to a 
specific non-Eos archival facility for further 
information. 

All of these categories should be supported by the 

(i.e.. the thoroughness with which relevant citations 
no geographic dependence; thus, these data 

project, platform, instrument, level, version, sum- 
mary type, and time. The storage method for sum- 

bibliography. but W e  eXbeCt IhZ: ;he kVe1 Of Support 

are *lad* entered. or Purged) will vary* according 
to the priority implied by this list. 

mary data will depend on data volume and demand. 
Performance and Accounting 

7. Browse file archives. Browse files are com- 
posed of reduced resolution data sets, should be pro- 
cessed at least to Level 2, and have either regional or 
global coverage. Browse files are designed to provide 
a rapid response to a user wishing to locate specific 
data interactively. These files should be optimized to 
deal with communications and remote terminal limi- 
tations and should be referable by project, platform, 
instrument, level. version, parameter, time, and 
region. 

8. Maintain data on media that provide long 
lifetime, rapid and random access, and economical 
storage. Currpntly, the primary candidate Medium is 
high-performance digital optical disk. Optical disk 
storage media eventually could replace exlsting mag- 
netic tape archives. 

9. Distribute data sets on optical disk (or other 
appropriate media), or transmit data on a communi- 
cations link. As the Eos data base grows, it may 
become necessary to develop a high-speed communi- 
cations link to existing modeling facilities for the 
transfer of Level 3 (and possibly Level 4) data sets. 

Data Set Support Categories 
The Eos archival subsystem should provide 

several categories of support for archival data sets. 
The support category proposed for each data set 
should be selected by the Eos Project, based on 
guidance from the research community and cost/ 
benefit considerations. The Categories are: 

1. 

2. 

3. 

4. 

Online support - subset selection by time, 
region, platform, instrument, and parameter 
from the archives; full range of output; full 
catalog support; 

Offline support - subset selection by media 
volume only, from the archives copy; storage 
media output only; full catalog support; 

Ordering support - catalog support; ability to 
place an order through the cataiog subsystem; 
orders handled manually; 

Catalog support only - limited information in 
the catalog; no support for obtaining data; 

The Eos archival subsystem should meet suitable 
performance goals required by the research commu- 
nity, specified by the project, and agreed to by Eos 
investigators, at least during prime time (defined as 
0800 Eastern to 1800 Pacific Time on weekdays). 
Performance goals should specify system availabil- 
i ty,  data loading time. extraction time. data set gen- 
eration time, browse time (i.e., generation, transmis- 
sion, and display), and system response time. 

In order to monitor performance of the system 
and determine appropriate user charges, various ac- 
counting factors should be measured and reported. 
AI1 required information should be recorded auto- 
matically and reported in weekly and monthly sum- 
maries. These data should include catalog usage, 
bibliography usage, archival loading, data set ex- 
traction, subset generation, and general resource 
usage. A detailed invoice should be prepared and 
sent to the user with each data shipment. Summary 
invoices should be prepared for each user on a 
monthly basis. In addition, online accounting 
algorithms should be available to allow researchers 
to estimate costs before requesting either data or 
data processing services. 

TELECOMMUNICATIONS 
The telecommunications industry is in a state of 

rapid change. Deregulation of the industry, the 
growth of satellite and fiber optics high-volume 
communication facilities, and the transfer of com- 
municatiors backbone switching and multiplexing 
equipment from analog to digital are causing major 
changr; in communications capabilities. Networks 
for transfer of digital information are growing 
:apidly. Any requirements report relies on a 
background knowledge of what is feasible and read- 
ily available. Because of the uncertainties in the 
telecommunications industry, and the long lead time 
for Eos implementation, the telecommunications re- 
quirements should be periodically reevaluated and 
updated as new technologies become readily 
available. 

Downlink Communications 
Eos data rates are quite high in comparison to 

other Earth orbiting satellites. The expected average 
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data rate is over 70 megabits per second, with peak 
rates of over 400 megabits per second. NASA com- 
munications commitments are for an average data 
rate of 70 megabits per second, but will not include 
continuous channel availability. Manned mission 
(i.e., the core Space Station) rommunications will 
have a higher priority In order to buffer the high 
peak data rates and to guard against momentary 
downlink channel outages. an onboard data storage 
capability should be developed. This data storage 
subsystem should be sized to prevent loss of data. 
Data from one half orbit will be over !25 gigabytes. 
Onboard da:a storage needs to temporarily store 
these high data volumes, at a minimum. Data from 
onboard storage devices should be packed to take 
full advantage of broad-band downlink transmis- 
sion capabilities. 

Direct Broadcast Communications 
N O M  and its international clientele will require 

separate data storage and relay systems that will 
“guarantee” data delivery from any NOAA opera- 
tional instruments that may share the Eos polar plat- 
form. This system would likely function in a manner 
similar to current NOAA spacecraft. which haveon- 
board storage and utilize burst transmissions over a 
receiving site. In addition, NOAA has international 
conimitments to provide direct broadcast weather 
satellite data for remote regions. There are also a 
large number of internatioral land-applications data 
users who are equipped to receive Landsat data. 
Consideration should be given to using these direct 
broadcast systems for transmission of high- 
resolution imaging spectrometer and synthetic aper- 
ture radar data when they are not being used to relay 
weather instrument data to NOAA facilities and 
clientele. 

Repository Communications for 
Quick-Look Users 

After relay by telemetry satellite, Eos data will 
first be delivered to NASA mission and instrument 
repositories. These data repositories are primarily to 
support NASA mission and instrument team opera- 
tions, with the data subsequently being transferred 
to Eos data centers, active data bases, etc. The 
transfer of data to these facilities could be either 
through electronic communication channels, or 
through the physical transfer of disk, tape, or other 
storage media. However, while the data is still in an 
Eos repository, certain communication functions 
are still needed for mission operations, quick-look 
data sets, operational user data sets, and other prin- 
cipal investigator functions. The principal investi- 
gators will require quick-look data sets for instru- 
ment command decisions, and for preliminary scien- 
tific analysis. 

Real-Time, Quick-Look Data Access 

The users identified as requiring access to real- 
time. quick-look information need interactive image 
processing and display capabilities. These indivi- 
duals may need some interactive image ’- owse capa- 
bilities as well as the capability to reprocess further 
and display the data interactively. Further process- 
ing of the data may be mission dependent; conse- 
quently, applications software modules need to be 
easily added to the system. The user community re- 
quiring access to real-time interactive quick-look 
data will probably be limited to Eos instrument 
teams and selected active data base sites. lnvesti- 
gator processing requests should be completed 
within the timeframe of one orbit. Communication 
facilities are needed to link quick-look investigators 
with the repositories. Data rates between 56 kbps 
and 1.5 mbps will likely be required on this link. The 
link should also be capable of handling multiple 
users simultancously. 

Uplink Communications 

Many mission operations activities will be 
planned and scheduled. However, there probably 
will be occasions when instrument command deci- 
sions will need to be made within the time period of 
one orbit. The requisite communications system 
needs to be capable of quickly providing scientists 
making these decisions with sufficient information. 
This information includes, in addition to quick-look 
data sets, trade-off information for various instru- 
ment configurations. Instrument team requests for 
configuration changes need to be included effec- 
tively into the command and control decision chain, 
and a mechanism should exist to arbitrate conflicting 
demands. The communications system needs to be 
functioning continuously, accommodating different 
user communities. These configuration decisions 
should be in addition IO automated real-time selec- 
tion (within a priority set o f  3ptions) of measure- 
ment sites for select instruments. 

€os Information Network Services 

Eos data centers will make Eos-derived data ac- 
cessible by the greater scientific community. These 
centers should have archival data bases and ad- 
vanced data base management capabilities in addi- 
tion to demand processing facilities. The Eos infor- 
mation network should provide the required com- 
munications links to and within the scientific com- 
munity.  This network will require catalog and 
browse attribute file, browse image file, and archival 
data set access, as well as the quick-look acccss 
previously described. I t  should also provide for elec- 
tronic communications between colleague. working 
on Eos-sponsored research. 
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Catalog and Browse Attribute Fde Access 

Interactive electronic catalog and ordering func- 
tions should be available for Eos researchers with at 
least 9,600 bps dial-up capabilities. In the catalog, in 
addition to location, time, instrument status, and 
other available information, the attribute file should 
also be accessible for search purposes. An interactive 
catalog system should provide response to most 
search commands within I to I5 seconds. The system 
should be available on a continuous basis and be 
sized to handle at least 100 simultaneous 
investigators. 

Browse Image File Access 

In addition to the attribute browsecapability, the 
system should allow for reduce J-volume data 
browse. Because of data rate limitations of 9,600 bps 
communications links assumed for most users, elec- 
tronic browse of image files may not be possible for 
many users. This would necessitate the publication 
of an image browse catalog. In this event, it could in- 
clude both the catalog and attribute numerical files, 
which could be computer processed to locate images 
or sequences of images. 

A select number of users (e.g., those associated 
with active data base sites) should have available 
higher data rate communications lines and they 
should be provided with interactive electronic image 
browsecapabilities. Of particular importance are the 
data between the present and the last published im- 
age browse file. This interactive image browse capa- 
bility could be used by quick-look investigators and 
research teams monitoriqg an instrument as a pre- 
check of ordered data sets. 

Access to Archival Data 

Even in the 1990s. many researchers will prob- 
ably receive high volumes of data through the mails. 
The majority of researchers can probably accept 
electronic interactive ordering (Le.. order placement 
and acknowledgment) with mail delivery. Turn- 
around time for orders should be consistent with 
mail sertice (i.e., a few days to a week at most). 

The system should also allow for delivery of data 
electronically, since a few sites may have the high- 
speed communications capability needed to receive 
large-volume requests. Other researchers will have 
lower-speed communications, consistent with lower 
volumes of requests. The system should allow for all 
levels of archival retrievals to be sent over any com- 
munication line tied to the system. This would also 
include the use of low-speed links for interactive 
catalog interrogation. 

Carrier Considerations 

The Eos information network will require com- 
munications facilities that tie together a large 

number of researchers using various communication 
rates, ranging froin dial-up lines to high-speed links 
of 1.5 mbps or more. Network protocols and stan- 
dards may result from the adoption of standards set 
by Space Station communications. Users with dif- 
ferent protocol capabilities will require translator 
boxes or packages at the gateways into the network. 
If  extended to include local area network access, the 
NASA Program Support Communications Net work 
(PSCN) would beoneexampleofthetypeofcapabil- 
ity that would be required. The PSCN was originally 
envisioned to link NASA researchers together with 
phone access, packet switched data (9.6 kbps). cir- 
cuit switched data (56 kbps). and computer network 
subsystem; ( I  ..C mbps to 6.3 mbps). While the PSCN 
will link NASA facilities together with a computer 
network subsystem, it  is not clear if it will include 
voice, packet switched, and circuit switched access 
or if it will include extensions into the university and 
international research communities to serve Eos re- 
quirements. There are, however, numerous commer- 
cial carriers available that provide the full spectrum 
of communicaticns requirements needed for an ef- 
fective and efficient Eos information network. 

DOCUMENTATION 
Proper experimental docurnentation encom- 

passes more than the description of the hardware 
and its initial calibration. Documentation should 
also include any information pertinent to scientific 
interpretation of the data record produced by theex- 
periment. Since Eos is conceived as a global, multi- 
year Earth observational program, intercompari- 
sons between measurements madc LL different times 
and locations is central to the scientific return. Con- 
sequently, accurate and complete documentation is 
imperative for the success of this program. Docu- 
mentation is considered to be a vital part of the data 
recctrd and should be stored and maintained with the 
same care as the data, per se. Some necessary ele- 
ments of this documentation are briefly described 
below. 

Trace of Design, Fabrication and Testing of 
Hardware 

This information, which is routinely prepared by 
contractors, is rarely put into accessible form or kept 
as part of the data archives. Eo: cia:% volumes will be 
so large that digital storagz of text materials can 
easily be supported. All key personnel should be 
identified and all reports coilected in the archives. 
Much of this material may never be used, but some 
of it may prove crucial to understanding a particular 
set of critical measurements. 



Hardware Description 
Preparation of this document, including the 

above described information, should be included in 
the contractual obligations of instrument teams, in- 
strument principal investigators, and facility- 
instrument Centers. It should provide a compact 
description of instrument specifications, including 
the nature of physical variables measured, noise 
characteristics, internal processing, and coding of 
telemetry. Sufficient detail should be included to 
allow another group or individual to convert raw 
telemetry signals into basic physical quantities, using 
ancillary calibration information contained within 
the transmitted data record. 

Calibration 
The procedures and results of all calibration ex- 

periments and tests should be reported in sufficient 
detail for other scientists to evaluate their 
thoroughness and accuracy. All approximations and 
instrument uncertainties must be identified. Instru- 
ment performance over a complete range of environ- 
mental conditions should be evaluated. This infor- 
mation should allow conversion of telemetry signals 
to standard physical units of measure. Calibration 
standards should be traceable to the National 
Bureau of Standards; this requires documenting the 
history of Eos data records. 

Calibration History 
In addition to documenting calibration tests, a 

specific time sequence data record should be created 
from information used to monitor instrument cali- 
bration over the course of an experiment. In doing 
so. drifts in instrument characteristics can be 
reconstructed. Both the calibration and calibration 
history files should have the provision to hold more 
thanonecalibration rest result or more thanonerype 
of monitoring information; all sources of calibration 
information must be identified and placed in the 
ai chives. 

Command History 
Automated command sequence construction, 

together with the necessary computer involvement in 
routine spacecraft communications (i.e.. the com- 
mands given every instrument togsther with its 
status, indicated in housekeeping t e l f ~ S i y )  should 
be available in mission operations computers; this 
information is rarely retained. Provision shou!d be 
made within Eosdataarchivestocreatea data record 
documenting the history arid providing a trace of 
commands and instrument status throughout the 
lifetime of the project. Significant reconfigurations 
of instruments (e&, gain setting changeslor observ- 
ing sequences should be accompanied by log entries 

identifying the reasons for and the source of the re- 
quested change. 

Bibliography 
A list of all papers and reports published in the 

open literature and thought to be pertinent to the 
type of instrument or  observation being made, cali- 
bration or sensitivity studies, and the precision and 
accuracyof the data should be included as part of the 
documentation. Consideration should be given to 
making the complete text of all unpublished docu- 
menta:ion (Le.. the gray literature) electronically 
available. 

Processing Algorithms 
If an instrument data record is to contain quan- 

tities derived fiom measurements (those quantities 
obtained directly from the telemetry by application 
of calibration relations), then the methodology 
utilized must be thoroughly explained and all rele- 
vant references to literature concerning the method- 
ology should be listed. All processing soft bare 
should be preserved and documented, along with a 
report of design and testing rationale used by the 
software creator. This requirement also applies to 
processing software used to locate the observations 
and calculate observational geometry parameters. 

Correlative Data Record 
Often routine processing procedures utilize addi- 

tional data or information to determine derived 
parameters. Although these data may describe sim- 
ple or well-known quantities (e.g., topography), the 
particular version of the information used may dif- 
fer slightly from other versions. Therefore, all such 
data should be considered part of the archives. 

Data Usage Trace 
Institutions responsible for maintaining Eosdata 

archives should provide a trace of user access to the 
data, allowing other investigators to contact col- 
leagues familiar with a particular data set’s charac- 
teristics. The trace should contain specific informa- 
tion about the data ordered and the name and ad- 
dress of the individual accessing the data. 

The above list of documentation is very exacting 
and will demand significant effort to acquire and 
maintain. Notwithstanding, given the requisite 
resources envisioned for Eos and the large invest- 
ment of time and money it  bill require, this docu- 
mentation effort appears trivial by comparison. 

NON-EOS DATA AND MODELS 
Most, i f  not all, of the research scenarios (vis. 

Appendix I)  have some requirements for access to 
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non-Eos data. In some cases, access to moicls (e.g., 
global circulation models), or modeling capabilities, 
will be needed to place Eos data in context with some 
physical or chemical process. While these external 
data, models, and modeling mainframes may not be 
a part of Eos as a space-platform mission, they are 
part of the €os scientific requirements. Hence, a 
commitment by Eos to access external, non-project 
data sets and models should be made. Model results 
should be accessible and, in addition, researchers 
should be able !o request model runs through an Eos 
data and information system. 

There are six possible levels of commitment to ex- 
ternal archives access. They range from accessing a 
directory of catalogs, to instant, remote access to the 
world’s data bases. The six levels are: 

1. Directory of catalogs 
2. Information on specific catalog access 

3. Ability to place an order through Eos 
4. Direct access to other data bases through Eos 

mats, have varying resolutions. rare of differ- 
ing quality, and have a variety of appended 
ancillary information. Hence. these data will 
require resampling or, space-time scales used 
for Eos data. 

routines 

dards, conventions, or guidelines that Eos accepts or 
develops. Because Eos will be a primary researcher 
interface with the Space Station Program, its con- 
sistency of operation (i.e., the adherence to stan- 
dards) and its flexibility (i.e., freedom from stan- 
dards) wii: weigh heavily in its acceptance by the 
research community. Unless standards are perceived 
by the user to be beneficial, they will be viewed as 
overly restrictive and onerous. Thus, early decisions 
should be made, minimizing the set of standards to 
be invoked while maximizing their utility. Three fac- 
tors should be considered before Eos adopts any par- 
ticular standard: 

1. Historical data from a suite of spaceborne and 
in situ instruments will be used for intercom- 
parisons by Eos researchers. These data reside 
in numerous archives, are in a variety of for- 

5 .  Direct orders and near-real-time access to ex- 

6. Direct order and real-time access to data 

It would be highly desi Fable if Eos could provide 
services through level 5 .  The user could locate a 
specific non-project data base, order that data 
through Eos, and have it arrive along with his Eos ar- 
chival data in acompatible file format. A single soft- 
ware rcutine based on this common format would 
then be sufficient to input all of the data necessary 
for research. 

ternal data bases through Eos 

banks through Eos. 

STANDARDS 
The Eos project will beoperating within thtsame 

timeframe as the Space Station project, which is 
designing a Space Station Information System. I t ,  in 
turn, will operate under the auspices of the NASA 
Office of Space Science and Applications, which is 
defining a Science Applications Information Sys- 
tem. Each of these will impose some standards on its 
components. Space Station personnel have discussed 
standards for the operating system, programming 
language, software support environment, data base 
management systems, and the use of standard for- 
matted data units. There are potential benefits to 
these interconnected systems if the various standards 
adopted by such top-level entities as the Space Sta- 
tion Information System are acceptable to, and ac- 
cepted by, Eos in common or overlapping areas. 
This will require that Eos project personnel and 
researchers be familiar with, and preferably par- 
ticipate in, the definition of these standards. 

Careful consideration must be given to the stan- 

Common data set organization (e.g., spatial 
resolution, map projection) and the use of 
logical catalog and data structures (allowitig 
various computers to read the files) will 
minimize the reprocessing task. Common fac- 
tors such as these should be studied to provide 
guidance in selecting standards that will min- 
imize reprocessing at a future time. 

2. Eos will be operating in a computer environ- 
ment largely determined by developments in 
the commercial sector (i.e., by software and 
hardware manufacturers). We anticipate that 
Eos data and information system require- 
ments will parallel those that focus commer- 
cial developments (e.g., nested catalog struc- 
tures, advanced data base management capa- 
bilities, super micro- and mainframe com- 
puters). Since system costs would be mini- 
mized by adopting commercially available 
products, Eos requirements should be tailored 
and adapted to these product developments 
wherever feasible. 

3. The computer and communicatirm com- 
munity is moving toward standard practices 
that will be both machine- and data- 
independent. These practices will allow data 
and algorithms to be readily interchanged 
even on future systems. Any standards 
adopted under the Eos data 2nd information 
system auspices should take these practices in- 
to account. 

Areas D f  Considera tion 
Areas of direct researcher and system interaction 

will include directory and catalog access, query and 
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browse functions, archives access, algorithm de- 
velopment, and data interchange. Given the rapid 
rate of data base management developments, it  is 
probably inappropriate to atiempt to standardize 
specific data base structures, catalog organizations, 
query procedures, etc. Rather, a more productive ef- 
fort will concentrate o n  standardizing the tools with 
which to describe and manipulate these data. Thus, 
appropriate items for standards include data defini- 
tion languages (rather thdn a specific data structure) 
or data system model techniques (rather than defin- 
ing a specific data model). This approach also recug- 
nizes the existence of nun- .  IS heterogeneous data 
basesand their catalogs, v .n must bedealt with by 
Eos. Several NASA Pilot Ddta Systems are consider- 
ing the creation uf uniform catalogs (i.e., uniform 
information presentation for the researcher) in con- 
trast to standard cataiogs. 

Systems are usually described in block diagrdms 
at various levels of detail. In such a description, the 
critical items are the functions to be performed by 
each block (i.e., its transfer function) and the 
characteristics of the paths betNeen the block inter- 
faces. Unless some overriding factor dictates stan- 
dards within a block, the appropriate items needed 
for complete descriptions, and perhaps standards, 
i;: the functions and interfaces themselves. 

Beyond functions and interfaces, careful con- 
sideration should be given to standard format struc- 
tures for data interchange. While they may not ex- 
plicitly cover fl?ta storage formats, there is a close 
relationship bet aeen storage, interchange, and func- 
tional formats. Standard formats could serve several 
purposes; these include: 

1.  F,roviding a data organizational structure that 
N ill accommodate all types of geographically 
related spatial and nun-spatial data (i.e., sca- 
lar, polygon. and raster data), features and at- 
tributes, and necessary topological relations. 
While i t  may bedesirable to define a single for- 
mat, the diversity c i f  data types suggests that 
this is inappropriate; 

2. Providing a format volume rxord grouping 
capable of accommodating all necessary data 
in variously formatted records (i.e.. feature 
identification, data quality, spatial data type, 
locational definition\, spatial relationships, 
and ancillary data). These format structures 
should be expandable to allow addition of 
future types of data; 

3. Providing an interchange format that sill 
allow a researcher to read the data set, deter- 
mining the basic logical structure. A family of 
format structures necessitates conveying to 
the receiving computer the logical structure of 
the data being presented; this is the purpose of 
a data definition language; 

4. Providing coding standards to accommodate 
a variety of information and attributes. 

Glossary and Definitions 
In the multiple-system, multidisciplinary en- 

vironment of Eos, common understanding of terms 
is a necessity. This Ni l1  require the adoption or 
development of a standard glossary containing 
operational definitions. This should include tech- 
niques as well as definitions, and include such items 
as the data definition language and data modeling 
techniques. I t  would also be appropriate for the 
glossary to list applicable external standards (e.@., 
Federal Information Processing Standards,  
American National Standards Institute, Con- 
sultative Committee for Space Data Systems, Inter- 
national Standards Organization). 

Algorithm Interchange 
Vuch has been said about sharing of algorithms 

among scientific researchers. This has been ham- 
pered in i5e past by the use of different operating 
systems, difttrent programmine languages, and dif- 
ferent exccution prwedures. While i t  is unreason- 
able to expect the entire research community to stan- 
dardize on rysicms and languages, i t  is reasonable to 
consider a standaid interface executive. This woold 
allotr the independent development of algorithms 
and executives and provide a method for easy inter- 
change bet ~ e e n  investigators. 

Data Interchange Formats 
An oft-voiced prvblem is that cpf data inter- 

change, particularly in light of the infinite variety of 
formats that are in use today. Several studies are cur- 
rently underway, aimed at providing a standard for- 
mat structure: 

1 ,  Potential worldwide data transmission will be 
a feature of future systems. The International Stan- 
dards Organization i lS0) has formulated a series of 
standards expected tu facilitate international elec- 
tronic message interchange. In addition, the Con- 
sultative Committee fur  Space Data Systems 
(CCSDS) has been developing a set of recommenda- 
tions fur special purpose techniques that are tailored 
to [ne unique environment of exchanging data 
through space data channels. ISO’s DIS 821 1 stan- 
dard proposes a data definition language. and 
CCSDS proposes a number of data formatting stan- 
dards that may be suitable for Eos consideration. 

2. Two national committees are currently in- 
vestigating the interchange format question, one 
convened under the U.S. Geological Survey (tu uni fy  
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data representations from Federal agencies) and the 
other from the National Bureau of Standards via the 
U.S. Geological Survey and the American Congress 
on Surveying and Mapping (concerned with digitai 
cartographic data standards). The National Com- 
mittee on Digital Cartographic Data Standards is 
charged with producing a format structure rcco'-- 
mendation for the cartographic community befrre 
1986, with eventual consideration for incluiion 
within Federal Information Processing Standards. 
Careful consideration should be given to working 
with these national committees and subsequent 
adoption of the standards that they recommend. 

3. NASA is currently sponsoring a study of stan- 
dard formatted data units. A standard formatted 
data unit is a conceptual data object that could be 
transmitted between users. It will cons:st basically of 
a formatted and labeled data set; thus. it  defines an 
interchange format. It will include a primary label 
that serves as a global identifier, a set of secondary 
labels that carry information about the data, and the 
data set itself. It currently focuses on the record 
level, but may also provide a nesting feature that 
would allow a given unit to be composed of multiple 
standard formatted data unit subsets. 

Clearly, the area of standards and formats needs 
considerable attention by Eos and, in particular, 
consideration in concert with the research commu- 
nity who must deal with the resultant standards. Since 
we envision the necessity for an entire suite of format 

structure;, system transparency to the researcher re- 
mains an overriding concern. This must be the guid- 
ing principle in establishing standards and format 
for the Earth Observing System data and informa- 
tion system. 

SUMMARY 
The foregoing discussion delineates a significant 

number of requirements, attributes. characteristics, 
and capabilities that we believe should be accom- 
modated within the Eos data and informatioil sys- 
tem. These factors can be conveniently grouped into 
seven interrelated and interdependent functional 
categories and are summa-ized in Appendix 11. 

Thesc functional groupings are Eos flight sys- 
tems, user functions, operational functions, infor- 
mation service, advanced data base management, 
data processing, and non-Eos data base functions. 
Eos is unique in that we expect that many of the re- 
quirements cannot be accommodated by any single 
functionai element or group. Rather, we anticipate 
that many functional elements will need to coor- 
dinate their activities to accommodate a given task. 
The interrelationships and interdependence of the 
element5 within the resulting data and information 
system IS thus quite significant. Consequentl!, Eos 
information services functions will be centre1 to en- 
suring straightforward, transparent intra- and inter- 
system interaction, a prime characteristic derived 
from these researcher-imposed dependencies. 
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In this chapter, we propose appropria:e design 
principles and consider an Eos data and information 
system for the 19Ws, the Space Station era. We pre- 
sent an example of a functional architectural design, 
described in terms of elemental composition, top- 
level functions, and internal and external interfaces. 
This conceptual architecture illustrates one possible 
configuration that could satisfy the general data 
system requirements that are developed in this 
report. 

To ensure that the designs considered were ap- 
propriate to the Eos data and information system, 
we categorized the requircments, characteristics, 
and attributes delineated in this report into seven 
functional groupings (cf. Appendix 11). These 
groupings were ther. compared to each functional 
element of the architectural examples. We believe 
that the flexibility and modu!arity of the conceptual 
design presented in this chapter is well suited to these 
requirements and the needs cf Eos. 

Since the functional design of data transport fa- 
cilities and services is a key and fundamental factor, 
we have selected an architectural example based on 
space data communication standards developed by 
the Consdtative Committee for Space Data Systems 
and utilizing International Standards Organization 
general purpose protocols for transparent inter- 
change between dissimilar system elements. We have 
examined this design in sufficient detail to ensure 
roundness of approach and methodology. As with 
any initial ,-oncept, this design is open to construc- 
tive criticism, revision, and improvement. A more 
deiailed description of a system architecture is 
beyond the scope of this report. 

DESIGN PRINCIPLES 
Designing a data and information svstem for Eos 

is clearly a complex problem, particularly with re- 
spect to data handling. To ensure that the resultant 
system can meet scientific needs, the architectural 
concept should feature two fundamental principles 
or design techniques that we believe should be 
employed throughout: layering and srandardization. 
Together, they can be used to create an information 
system that is flexible, transparent, and robust, pro- 
viding the foundation for diverse data processing 
and archival ceeds within an Eos data and informa- 
tion system. 

Layering and Modularity 
The first architectural principle to be applied 

th.ouphout the design of an Eos data and informa- 
tion system is layering, the technique of dividing and 
conquering. Layering breaks the diverse and com- 
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CONSIDERATIONS 

plex system into easily coniprehensible modules with 
clear “strata” in which common data-handling 
functions reside. Strata exchange data according to 
well-defined rules and are thus predictable in terms 
of their functional characteristics. Layering is essen- 
tial for a data system that: 

1.  is understandable by a wide range of users and 
implementers; 

2. can expand or contract easily to accommoaa:o 
changing user requirement: or technological 
developments; 

3. can be tested in a modular fashion by maxi- 
mizing the functional independence between 
processes residing in different system layers; 

4. displays simple, well-defined system inter- 
faces that are not constantly changing; 

5 .  can adaptively respond to dynamic mission 

6. facilitates recursive use of replicate hardware 
and software elements to lower system de- 
velopment and operational costs; and 

7. avoids the need for major advances in tech- 
nology by permitting complex tasks to be 
broken into pieces that can be handled within 
existing capabilities (e.g., parallel processing 
of very high-rate data streams). 

events; 

Standard Data Structures and 
Data Autonomy 

The second key architectural design principle is 
standardization of formats and protocols through 
which data are exchanged between distributed ele- 
ments of the system. Standard structures promote 
“data autonomy,” the transport of independent, 
user-defined units of data through the system. Using 
this principle, the internal format and content of the 
data are defined by the user and transparent to the 
communications system. 

Fol- the Eos data and information system to pro- 
vide efficient, high-performance data services that 
handle a diverse combination of data types and re- 
quirements, i t  should be adaptively responsive to the 
data per se. The concept of data autonomy (encapsu- 
lation of variable data within standard, network- 
interpretable labels) provides a foundation for these 
adaptive data se?vices. Data autonomy is achieved in 
this architectural example by employing standards 
that require each data source (e.g., engineering sub- 
system, in.rtrument) to encapsulate its data messages 
into “source packets” having globally interpretable 



labels that define the source and destination, class of 
service, priorities and delivery conditions, and pro- 
vide the information required for verification, vali- 
dation, and accaunting of data withi:! the packet. 
Thus, while the packet format is a standard for the 
network, the format of its contents can be variable; 
the data exchange network need only transmit what 
it is given. 

Adaptive Flexibility 

We envision an Eos data and information system 
that is dynamic, evolving to meet the needs of ?s 
changing clientele and advantageously employing 
new technological developments. Layering, modu- 
larity, structures, and autonomy are hallmarks of 
contemporary system design. Together, they provide 
ameans through which the resultant data system can 
evolve adaptively to meet these changing needs. 

A data and information system design utilizing 
standard data structu-es affords a significant level of 
flexibility; its data services are readily adapted to 
changes in internal data format and data f l ~ w  or 
routing without changing the system architecture. 
These structures should be deliberately designed for 
flexibility through the provision of features such as 
secondary headers, and they should have the flexibil- 
i ty of allowing future versions to be defined as 
needed. 

DESIGN CONSIDERATIONS 

The Eos data and information system must be 
designed, implemented, and operated affordably, in 
an environmeDt of almost constant technological 
and researcher-initiated change. Some of the re- 
quirements and cons;raints imposed by this environ- 
mellt are now examined and their ramifications im- 
posed tipon subsequent designs. 

Evolution 

A key architectural consideration for the data 
system is its projected lifecycle, which will encom- 
pass the development and operation of a very com- 
plex, dynamic system that must accommodate 
growth and evolution of spacecraft insirumentation, 
technology, and user requirements. At the outset, 
ptrformznce requirements imposed on the system 
will push data handling technology to the limit. 

Subsequently, data handling capabilities must 
evolve to support a maturing platform that carriesan 
increasing number of irlstruments with growing re- 
quirements for data storage, processing, and trans- 
mission capacity. System technology will become 
obsolete quite rapidly unless the system design ac- 
commodates changes. 

As the data system further evolves, spacecraft 
and ground-based data handling and prtcessing 
operations may become more independmt. The sys- 
tem’s data communications and processing capabil- 
ities will need to expand in a controlled, evolutionary 
fashion to support growth. The evolving character 
of the environment in which the system operates re- 
quires that the architecture display a high degree of 
modularity and structure. Adaptive flexibility must 
become a cornerstone upon which the system evolves. 

Distributed System Considerations 
When the transmitted data stream is received at 

ground-based facilities, it will be distributed to a 
confederation of geographically dispersed data pro- 
cessing and archival facilities. We anticipate that 
these facilities will be interconnected by both private 
(e.g., NASCOM) and shcred public (e.g., X.25- 
based) communications networks and private and 
public broadcast satellites. 

Sys!ein facilities may be distributed worldwide, 
atid will pi ovide specialized data handling, process- 
ing, and ai :Iiival services in support of a large, and 
not yet fully defined, cadreof users. The breadthand 
diversity of the user community suggests that the Eos 
data and information system should feature a spec- 
trum of format and protoccl standards for data in- 
terchange. Application-oriented standards a:e es- 
sential to facilitate the early development of a 
dynamically adaptive, distributed data system that 
can sustain planned evolution. 

The majority of researchers will also have chang- 
ing requirements for routine data handling services 
such as accounting, merging, grid overlay, map pro- 
jection, aiicillary data processing, temporary stor- 
age, and retrieval. These are changes that the data 
and  informat ion  system must efficiently 
accommodate. 

Data Types and Rates 
The data system will be r eow.  10 transport and 

deliver a diver i t y  of digital in$* 5 .nent and engineer- 
ing data through bidirectional TDRSS (Telecom- 
munications and Data Relay Satellite System) com- 
munications links. As a result, a spectrum of perfor- 
mance requirements will exist, including: (i) raster 
data that can tolerate delivery delays but not data 
outages (it is moderately tolerant of data errors when 
uncompressed, but intolerant when compressed); (ii) 
other digital data and data transport processes, in- 
cluding low- and medium-rate instrument telemetry, 
engineering and housekeeping data, ancillary data, 
data base transfers, command sequences, memory 
loads, and text and graphics, that have differing and 
bften conflicting requirements (some, such as 
orograms and data base transfers, are intolerant of 
any data errors or outages, while others are tolerant 
of even the poorest communications). 



The wide diversity of user data requirements sug- 
gests that the Eos data and information system could 
utilize several different classes of data transport ser- 
vice, each class displaying a well-defined quality of 
service that includes clear specifications of data rate, 
error rate, delay, sequential character, and com- 
pleteness. The data system must also provide certain 
value-added utility services for user data streams 
such as merging, sorting. storage, and remote access. 

TDRSS Compatibility 
All types of Eos digital data, each with its own 

service requirements, are merged into a composite 
data stream that flows across TDRSS transmission 
paths. TDRSS services include uplink and downlink 
transmission on S-band and K-band data channels. 
A 300 Mbps K-bard single access service, using I and 
Q channels, will provide the dominant downlink 
data transport service for platform scientific and 
operational data. The S-band single access channel 
will primarily carry plat form engineering and some 
real-time operational data. 

Initially. data system downlink services will need 
to accommodate a composite data rate that periodi- 
cally approaches (and even transiently exceeds) the 
present TDRSS knit of 300 Mbps. The uplink data 
service will be provided on the single-access S-band 
channel at 100 kbps when scheduled. It is important 
to note that TDRSS has the capability to com- 
municate with the Eos platform at any time via the 
multi-access forward link, but realistic operational 
support considerations will probably limit the use of 
this uplink to emergency situations. These com- 
munications services must transparently support in- 
stantaneous. dynamic, and adaptive changes in the 
blend and volume of data that flows through the 
link. 

Direct Downlink, Broadcast, and Uplink 
It is possible that Eos research instrumentation 

and NOAA cperational instruments will reside to- 
gether on the same polar platform(s). NOAA opera- 
tions will likely require a direct downlink indepen- 
dent of TDRSS. The data and information system 
should accommodate this enhanced capability with 
minimal system impact. 

NOAA operations in support cf international 
weather services require that some onboard pro- 
cessed data be broadcast frcm th  platform to 
ground receiving stations. These transmissions 
would only contain real-time data and would not in- 
clude previously recorded information. Relay 
broadcast services could also be accommodated for 
search and rescue activities. 

Direct uplink capabilities would include only 
relay broadcast and data collection activities. Instru- 
ment a id  platform command functions would be 
handled through mission operations via the TDRSS 
uplink. 

Data Interchange Standards 
Within the framework of the layered concept of 

“Open System Interconnection.” the International 
Standards Organization (ISO) is currently develop- 
ing a broad spectrum of commercially supported 
general purpose data protocols. These protocols are 
designed to provide transparent interchange between 
dissimilar elements within an open, worldwide com- 
munications system. Emerging IS0 standards will 
likely have direct application to the Eos data and in- 
formation system, although some of the standards 
are relatively unattractive for specialized data ex- 
change through either capacity- or bandwidth- 
limited space data channels. 

The Consuitative Committee for Space Data Sys- 
tems (CCSDS) has been developing a set of recom- 
mendations for special purpose techniques that are 
tailored to the unique environment of exchanging 
data through space-based data channels. These 
recommendations supplement IS0 standards in 
those specific areas that are unique to space mis- 
sions. Many CCSDS standard data l i r k  protocols 
are directly applicable to the Eos data and informa- 
tion system, although some, particularly space-to- 
space links, may require adaptation. 

Ir? support of Eos scientific research, the data 
and information system will need to exchange heter- 
ogeneous data sets not only among its different 
elements but also with other systems both internal 
and external to NASA. The use of standard for- 
matted data units will enable common services 
within and interchange of these data among various 
data systems. 

Taken together, the IS0 and CCSDS standard 
protocols form the basis for standardization, hence 
data airtonomy, within the architectural example of 
an Eos data and information system considered 
here. 

FUNCTIONAL ARCHITECTURE: 
TOP LEVEL 

The Eos data and information system should 
provide its users with the services of a complete in- 
formation system, including the bidirectional com- 
munications capabilities reauired for transparently 
transferring many diverse types of data between the 
various ground and space-borne elements of the sys- 
tem. Consequently, it will be necessary not only to 
procure and maintain certain physical elements of 
the system, but also to provide an interface with and 
use of facilities, utilities. and data provided by other 
NASA and non-NASA organizations in a manner 
that is transparent to the researcher. 

Overview 
A simplified functional diagram of a distributed 

data and information system concept is shown in 
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Figure 1. This architectural example has been ex- 
amined in some detail to  ensure that it meets the re- 
quirements, characteristics, and attributes de- 
veloped in this report. It is important tonote that this 
example describes a distributeu data system in which 
the same functions (e.g.. acquisition planning. 
analysis, storing, and cata!oging of data) may be ex- 
ecuted on different data sets at one location or the 
same data sets at different locations. These functions 
or proccsses and their results must be coordinated. 
either onboard or on the ground. Exactly where and 
how this coordination takes place will be a function 
of the level of inteliigence that is built into the on- 
board and ground-based elements of the systems. Nr, 
attempt has been made to detail all of the functional 
capabilities included within a given system element. 
Rather, a few key functions are highlighted for each 
and the reader is referred to Chapter I1 and Appen- 
dix 11 for a more detailed accounting. 

Two key elements of the system are the he r face  
Unit and the Data Management and Communica- 
tions Network. The Interface Unit includes a pro- 
cessor and memory, and provides the means together 
with telementr 1 and telecommand capture and dis- 
patch systems (imbedded within the Data 

Management and Communications Network). 
through which commands will be sent and data 
received from spacecraft instrumentation. Similarly. 
position and timing information from the Global 
Positioning System can be appended to the data 
streams via Interface Units. 

On the Eos platform. Interface Units can play a 
key role in system resource management. With a 
large user complement, it is likely that conflicts will 
arise when 'Fers simultaneously request resources 
(i.e.. powel, :hermal. pointing, communications, 
etc.) that exceed those available. Rather than at- 
tempting to  check every request centrally. a dis- 
tributed resource management system can be im- 
plemented using Interface Units. A set of software- 
controlled management services (net work interfac- 
ing, actuator interlocking, power limiting, com- 
mand verification and validation checking, status 
monitoring, fault containment and isolation pro- 
cedures, etc.) could be downloaded to distributed In- 
terface Units for execution. 

With the exception of direct broadcast access to 
polar orbiting platforms by users with receiving sta- 
tions, the user interface to the Eos data and informa- 
ticn system will be the same, regardless of 

DIRECT 
BROADCAST 

I 
1 

DATA MANAGEMENT AND COMMUNlCATlOhS NETWORK 
I 

I IU I 

Figure 1. An exampte of a data and information system architecture suitable for Em. 
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geographic location. Operations-oriented data will 
flow through its own ground station(s) and Em data 
will flow through TDRSS. The types of data flowing 
to various Eos facilities and the processing capabili- 
ties resident at these locations are implementation 
questions requiring systems trade-off analysis. The 
generic architecture considered here does not con- 
strain the physical location of personnel, data, or 
processing capabilities. It is important to note that 
the use of data standards enables ground data pro- 
cessing facilities to upgrade their capabilities anJ 
transfer functions to different elements without ma- 
jor perturbations to the entire system. 

A user’s low to medium data rate instrument or 
engineering subsystem will have an interface with the 
Eos data system Local Area Network via a standard 
Interface Unit, or via the operating system services 
of an onboard data processor that supports instru- 
ment operations. A source packet will be the stan- 
dard data structure at the Interface Unit. The Inter- 
face Unit provides the physical interface to the local 
onboard data network and its protocol, a packet 
tranEfer frame. High data rate instruments (e+, 
High Resolution Imaging Spectrometer, Synthetic 
Aperture Radar) will format their packet data direct- 
ly into transfer frames, which can be switched direct- 
ly into dedicated “virtual channels” in the downlink 
stream (a virtual channel is created when a broad- 
band link is subdivided into two or more parallel 
paths operating quasiautonomously). These instru- 
ments can also exchange low-rate source packets via 
the Network for adaptively optimizing data 
acquisition. 

At the downlink receiving site, the high-rate 
serial frame stream is immediately split into parallel 
virtual channeis. and selected frames are routed to 
appropriate lower-rate data handlers such as de- 
coders, packet extractors, data capture devices, etc. 
Closed-loop retransmission protocols will be im- 
plemented for certain virtual channels carrying 
critical data that cannot tolerate data outages. The 
elements of protocol required to execute closed-loop 
command operation procedures may be placed in a 
secondary header of the telemetry transfer frames 
assigned to those virtual channels that LJe retrans- 
mission techniques. 

The use of virtual channels in a telemetry frame 
allows a single 300 Mbps data stream to be immedi- 
ately split into many lower-rate parallel paths. Thus, 
processing functions such as decoding can be done at 
data rates that are well within the capabilities of ex- 
isting technology. Bulk data streams can be readily 
sent to dedicated real-time processors or a storage 
medium for immediate reception and possibly non- 
electronic transfer to a user. 

Data flowing through TDRSS will have Level 0 
processing performed at a ground data handling 
center (presumably located at White Sands) before 
transmitting: (i) platform engineering data to the 
Mission Operations Center; (ii) subsets of the instiu- 

tions Centers. 

 operation^ ~ ~ ~ i l i t i ~  
Operational Ground Stations can acquire data 

directly from the spacecraft in a manner similar to 
current NOAA practices. Assuming operational in- 
struments are resident on the Eos platform, these 
Stations provide transparent user access to their 
instruments. 

All data flowing through an Operational Ground 
Station will be transmitted to en Operational Pro- 

Instrument Operations Centers 
There are two types of Instrument Operations 

Centers envisioned, (i) those that are dedicated to 
specific high data-rate instruments, and (ii) those 
designated for groupings of low to moderate data- 
rate instruments. 

We anticipate that all unprocessed data would be 
stored at the White Sands receiving center for a two- 
day period. During this time period, the data would 
necessarily have to be transmitted, received, and 
acknowledged by the appropriate Instrument Opera- 
tions Center. 

Processing quick-look, Level IA, and higher- 
level data, and generating catalog. directory, and 
browse file entries, would be performed at the ap- 
propriate receiving Instrument Operations Center. 
This data and information would then be forwarded 
to an appropriate Data Center for long-term archival 
storage, catalog and browse file maintenance, and 
dissemination. 

Requests for observational sequences, com- 
mands, and command sequences generated bv in- 
strument teams or associated investigators would be 
transmitted to the Mission Operations Center main- 
taining a master schedule. 

ment and engineering data to the Mission Operations 
Center for quick-lwk analysis by investigators; (iii) 
high-rate instrument and engineering data and 
subws of platform engineering data directly to 
dedicated Instrument Operations Center(s); (iv) 
moderate and low-rate instrument and engineering 
data and subsets of platform engineering data tc ap- 
propriate Instrument Operations or Mission Opera- 

cessing Center for reduction and creation of direc- 
tory and catalog entries. These data will be accessible 
t 3  other system elements linked to the Network. 

Mission operations Center 
The Mission Operations Center supports plan- 

ning and execution of instrument operations, result- 
ing in the introduction of new Eos data into the sys- 
tem. Through Mission Operations, a researcher’s in- 
strument reqcest will be formulated into a command 
sequence and forwarded to the spacecraft. Should 
the need arise, the Mission Operations Center should 
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provide rapid response for instrument teams or re- 
searchers requesting command control of an instru- 
ment from remote locations. The Mission Oper- 
ations Center, like the Instrument Operations 
Centers, will .? lintain software-supported planning 
aids, employing menus or other “user-seductive” 
techniques. This software will assist researchers in 
planning and scheduling of observational sequences 
by  Eos instruments. 

Data Centers 
Currently, it is anticipated that there will be a 

lead Data Center that is responsible for algorithm 
development and maintenance; coordination of 
overall data system activities; development, distribu- 
tion, and maintenance of various technologies; net- 
work management; and maintenance of data ar- 
chives, the directory, and its own catalog. Data 
directory and catalog entries will be forwarded to 
and maintained by this lead Data Center. The direc- 
tory will be more comprehensive than the Eos data 
per se; it will includeentries from other non-Eosdata 
bases pertinent to Eos scientific objectives. 

Since we recommend that processing beyond 
Level IA be performea on demand, it is anticipated 
that this processing ana eventual scientific analysis 
could take place in both iqstrument Operations and 
Data Centers. The resultin.: data sets will have direc- 
tory, catalog, and browse ‘ile entries developed at 
their processing location. The resultant data would 
be entered into an appropriat: Data Center for ar- 
chival storage. catalog, and browse file mainte- 
nance, and distribution. 

Data Centers will be chara-terized by a staff hav- 
igg scientific expertise in one or more disciplines, the 
location of archives of Level IA and higher-level 
data sets, th: capability for scientific data processing 
and analysis, maintenance of data catalogs and 
browse file entries for all data resident at the Center, 
and aboveall, theability toretrieveanddistributear- 
chival data and information. 

Active Data Bases 
Active Data Bases will be facilities where fo- 

cused, extended scientific analyses are conducted 
with archivzl data derived from a Data or Instru- 
ment Operatiom Center. Value-added processing 
(e.g., data reduction) will be performed at these sites 
and the resulting data, together with directory, 
catalog, and browse file entries, will be transmitted 
to an appropriate Data Center for long-term storage 
and distribution. Additionally, directory and 
catalog entries for these data sets will be generated 
and transmitted to the lead Data Center. 

Non-Eos Data Bases 
Many Eos scientific objectives require access to 

noli-Eos data bases. This architectural example pro. 

vides for a complete bidirectional interface betweem 
any number of archives and the Data Management & 
Communications Network. Thus, researchers ac- 
cessing the system through any other component will 
have transparent access to pertinent non-Eos 
holdings. $irnilarly, Eos researchers working 
through the auspices of these nonBos Data Bzses 
could have full access to all system services. 

Data Management and 
Communications Network 

The Data Management and Communications 
Network will link together all other system elements 
and subsystems, in a manner that is transparent to a 
user. Its goal is to allow researchers to conduct mis- 
sion planning, request and receive data, interrogate 
directories and catalogs, and browse data sets re- 
motely and interactively. The success of Eos is 
therefore directly tied to the effectiveness of this in- 
formation Network. 

The Network should be managed by Data Center 
personnel, thereby ensuring that the Data Centers 
are involved directly in this key activity. The perfor- 
mance of the Network should be evaluated periodi- 
cally by personnel who lead activities of instrument 
teams and Active Data Bases. Thus, since the selec- 
tion of Active Data Bases and instrument teams will 
be governed by the scientific community through the 
peer-review process, thase selected will have a 
significant vested interest and will act to ensure the 
utility of Data Centers and the Data Management 
and Communications Network through direct over- 
sight responsibilities. 

Transparent Data Handling 
The scientific and operational environment en- 

visioned for the Eos era (viz. Chapter 11) suggests 
quite strongly that transparency in data handling will 
be a key factor and fundamental attribute of an Eos 
data and information system. In this example, the 
functional configuration is based on standard proto- 
cols that support the integrated transmission of 
many types of user data (e& instrument and 
engineering data, computer memory exchange, text 
and graphics) through common, limited-capacity 
data channels. It is also compatible with commer- 
cially supported terrestrial standards for open sys- 
tem interconnection. These characteristics are 
achieved by using two CCSDS standard application 
data structures (the source packet, and the standard 
formatted data unit) and twt CCSDSdata link struc- 
tures (the telemetry transfer frame and the Reed- 
Solomnn telemetry codeblock) throughaut the 
system. 

Data entering the system utilizes either a source 
packet, or the standard format data unit (that con- 
tains either sets of raw packets, or processed results). 
The format for transmitting data bidirectionally 
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through TDRSS links is a telemetry transfer frame, 
that may or may not be encoded using the Reed- 
Solomon error-correction algorithm. 

Selection of a telemetry transfer frame as the 
standard data link structure for bidirectional use on 
data channels has significant ramifications. The 
frame is optimized for efficient channel utilization. 
It is a fixed-length data s!ructure that has a 
“natural” si,e of 10.080 bits, a convenient quantity 
of data to be handling on links operating at multi- 
megabit rates. Additionally, it is organized around 
the concept of virtual channels, that provides a 
mechanism for segregating different types of data, 
transmitted serially through a common data chan- 
nel, into sevcral logically parallel paths. This permits 
a high-rate serial stream to be immediately split into 
many parallel, lower-rate data handling processes at 
a receiving facility (using relatively unsophisticated 
hardware). This significantly reduces requirements 
for developing high-rate processing technology. 

The telemetry transfer frame is optimized to fit 
within a high-performance Reed-Solomon code- 
block structure. Because this is a block-oriented 

Platiorm 
data capt*Jre 
and dispatch 

code, all of the Reed-Solomon parity bits are simply 
appended to the end of the frame. Therefore, some 
frames can be transmitted with the Reed-Solomon 
parity bits attached (permitting virtually perfect- 
quality frame data to be received after decoding), 
while others can be tranmitted without Reed- 
Solcmon protection (in which case a frame will have 
the TDRSS channel bit error rate of I x I O - ’  ). Thus 
by selectively encoding some frames, and transmit- 
ting others uncoded (saving 15 percent coding over- 
headj, different data qualities can be provided 
for dissimilar data types being transmitted through a 
common channel. 
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Redrawn (Figure 2). the architectural schematic 
reveals the “peer” layers of data handling. The stan- 
dard protocol data units, which provide the mech- 
anism for data exchange across the layers, are shown 
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Figure 2. Peer protocols within the data system example. 
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as well. Although for brevity, the following discus- 
sion is limited to the space-to-ground data transfer 
link, it is important to note that identical, mirror- 
image techniques are used on the uplink path and are 
applicable to both sides of the ground-based net- 
work. This self-similarity in data handling metho- 
dology, employed throughout the architectxal ex- 
ample, is easily seen. 

The concept used here of transmitting bidirec- 
tional data streams through space-to-ground links is 
slightly different than conventional techniques used 

by other spacecraft. Within the Eos system, the up- 
link and downlink data streams are similar; both 
contain low- to medium-rate instrument and engi- 
neering data and computer-to-computer data ex- 
change, and the physical characteristics of the uplink 
and downlink are virtually identical. Data retrans- 
mission protocols known as command operation 
procedures can be incorporated to provide fidelity 
and highly reliable delivery for both uplink and 
downlink data traffic that cannot tolerate data 
outages (e.g. data base transfers, memory loads). 
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IV. MANAGEMENT CONSIDERATIONS 

There have been several recent reports published 
that deal with various aspects of data management 
problems in the space sciences. Three of these re- 
ports are particularly apropos and should be care- 
fully studied and followed by NASA management as 
the Eos data and information system evolves. These 
reports are the National Academy of Sciences Space 
Science Board, Volume 1 : Issues and Recommenda- 
tions (1982)’ and Volume 2: Space Science Data 
Management Units in the lCSOs and 1990s: and 
Space Research Data Management in the National 
Aeronautics and Space Administration‘. 

These reports examine many features of past 
data management practices and lay a firm founda- 
tion for minimizing problems with future systems. 
Volume 1 from the Academy’s Committee on Data 
Management and Computation develops a set of 
seven principles for successful scientific data 
management; this panel fully endorses these prin- 
ciples and urges NASA to closely follow them in the 
future. We therefore consider the recommendations 
contained within these reports to be appended to 
those contained herein. 

We note that these reports consider a spectrum of 
past difficulties and delve into the future to the ex- 
tent that projects in years to come will bear resembl- 
ances to those of the past. We envision an Eos that 
markedly differs in many ways from prior NASA 
projects. Consequently, rather than dwelling on past 
sins, we deal in this chapter with aspects of Eos that 
are unique and will require careful thought, con- 
sideration, and appropriate attention i f  the Eos data 
and information system, hence Eos per se, is to be a 
success. 

The unique features of an Eos data and informa- 
tion system provide a suite of management issues 
that fall into two categories, those pertaining to pro- 
gram and project management, and those involving 
information systems management. We deal in this 
section with both classes of management issues. The 
distinction between the two categories is, in r~os t  
cases, readily apparent. 

LONGEVITY 
A crucial difference between Eos and previous 

data ccdlection and analysis projects, which requires 
procedural changes, is the intended length of this ef- 
fort. Current practices for projects of limited dura- 
tion (up to five years) are determined by and for a 
single group of engineers, programmers, and scien- 
tists who participate throughout the lifetime of the 
project. Many current efforts, having lifetimes of 
nearly IO years, already show the difficulties of 
changing team members and lack the flexibility to 
embrace new technologies and methodologies. The 

fate of data sets acquired by these projects is gener- 
ally to fade rapidly from memory. Reasons for this 
problem include: 

1. Lack of useful documentation. Changes of 
personnel or dissolution of groups cause loss 
of knowledge of instruments and data charac- 
teristics. of calibration and processing proce- 
dures, and of data formats. 

2. Lack of planning for hardware or personnel 
changes. Data quality monitoring procedures 
are often nonexistent and necessary software 
changes are not controlled or documented 
adequately . 

3. Perception of data archives as passive 
storehouses that at best only dispense data. 
Little that is learned about the data is returned 
to the archives, hence data value can only de- 
grade with time. 

The success of Eos depends on changing existing 
practices in data collection and analysis, overcoming 
these problems. 

Although Eos is essentially a large, long-term 
data collection, processing, and analysis project. its 
data are intended to serve as a dynamic resource for 
research on global phenomena. Hence, unlike data 
processing in many projects, where value resides in 
the final product, value in €os is distributed over 
many stages of data processing, all of which must be 
reiained by an Eos data and information system. 
Furthermore, reiiieval of much information is a 
matter for experimentation; fixed algorithms are dif- 
ficult to define. Yet, many steps in the processing of 
Eos data will be common to all ana:yses; these steps 
need to be identified and performed once. These 
characteristics of €os suggest several new principles 
for the data system and its management that should 
be included in its design so that research access to the 
data is facilitated for years to come. These principles 
are: 

1. Archival activities should occur at several 
stages in the data processing system, represen- 
ting “raw” data, processed observables, and 
inferred or derived quantities. The definition 
of these stages depends on the nature cf the 
observations and processing algorithms. I f  
calibration and navigation information are ac- 
curate and readily available, “raw” data re- 
!ention and maintenance may be avoided. 
Processed observables refer to raw data con- 
verted to the physical quantity directly meas- 
ured by the instrument (i.e., spectral 
radiance). Inferred quantities are those that 
are derived from directly measured quantities 
through application of auxiliary data or pro- 
cessing models. 

24 



2. Data should be arranged into stable, predict- 
able units to allow for automated cataloging 
and easy user access to very large data 
volumes. 

3. Processed observable data should include 
complete calibration, navigation, and other 
ancillary information to facilitate use and to 
avoid repetitious processing. This and other 
pertinent information should be appended to 
the data with convenient frequency (e.g., per 
image). 

4. Catalog documentation should include results 
of automated quality assessments and a trace 
to cross reference other studies that have 
learlied something about the data. 

Automated Data Processing 
and Management 

Much of the documentation chore can be han- 
dled by the addition of appropriate software for data 
processing that generates and accesses summaries of 
data attributes (i.e., self-documenting software). 
There are three types of sofiware needed: Eos- 
specific, non-Eos. and user processing software. The 
Eos data system should be automated to handle the 
large data volumes effectively. Proper quality con- 
trol and data management require that the process- 
ing management software obtain and verify many at- 
tributes of the data; hence, recordkeeping and gener- 
aticn of summary reports should be added func- 
tions. The management software should determine 
the source and contents of data sets, record what 
processing has been performed, where the data are 
stored, and form a cross reference list of data 
coverage, time, etc. In other words, this software 
should prepare a catalog entry containing this infor- 
mation. Any “use” of the data should also be moni- 
tored and recorded by the management software. 
Acquisition of non-Eos data sets for Eos purposes 
requires processing of these data to allow equivalent 
catalog entries to be made. 

Planning for Change 
The lmgevity of Eos and its data and informa- 

tion system, together with practical considerations 
of equipment, computer hardware and software, 
and personnel, requires that the data system must 
develop by evolution and that changes to the system 
be planned rather than ignored. Design of the data 
processing and management software and the associ- 
ated institutional arrangements should incorporate 
procedures for changing EVERY component, in- 
cluding the human element. Efficiency is not as im- 
portant as flexibility and clarity of design. 

1. Changes of personnel will occur. The doc- 
umentation of the total system, especially 

when highly automated, should be thorough 
to allow ready training of new operations and 
management personnel. Knowledge of the sys- 
tem should be independent of the personnel. 

2. Instrumentation will change (e.g.. improve). 
Data quality and catalog software should be 
able to detect and record these changes. Data 
analyses that lead to change should also be 
part of the Eos archives. 

3. Computer hardware should change when 
necessary to keep overhead low and to im- 
prove system capability. Software and pro- 
cedural changes triggered by such hardware 
changes should be planned; benchmark tests 
and standard data sets for reprocessing should 
be defined to verify the operation of the whole 
system after such changes occur. 

4. Software changes will occur to accommodate 
new data, new instruments, and improved 
analysis algorithms. Design of the data man- 
agement system should acknowledge this like- 
lihood. All of these changes should be con- 
trolled and documented. Management ar- 
rangements should ensure that operational 
software is secure, change procedures clearly 
defined, and changes are made using a self- 
documenting, monitoring system. 

5 .  Human-machine interfaces in the data pro- 
cessing and management system should be de- 
signed to maintain proper oversight and quali- 
ty  control. Human tasks should be designed to 
be interesting (not too lengthy, not fatiguing, 
not too repetitive). Tasks should require prob- 
lem solving and judgment. One good way to 
ensure this type of interaction is to include 
users in the management system such that 
their knowledge is effectively included in data 
quality assessmen:. The processing and ar- 
chival institutionc should have associated re- 
searchers with vested interests in the data per se. 

6. Use of expert systems in the management soft- 
ware should not overlook the utility of incor- 
porating various “scientific” analysis algo- 
ri thm. Even though simple or standard algo- 
rithms may not be valid for all scientific prob- 
lems, such algorithms can be usefully applied 
for auxiliary quality assurance purposes by 
assessing data patterns and characteristics that 
can be used to monitor data attributes. For ex- 
ample, a sea surface temperature retrieval 
method, which is inaccurate for climate re- 
search, may be sufficiently accurate to wwi- 
tor data quality, since expectations about the 
behavior of a physical quantitylikeseasurface 
temperature (e.g., no rapid changes) can be 
utilized for quality control. 
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7. Data catalogs should consist of online, elec- 
tronic data sets that can be amended to accom- 
modate: new data sets, new attributes for ex- 
isting data sets, new cross references among 
data sets, processing and use trace, and 
bibliography. 

8. Data holdings can change in several ways 
other than addition of new data sets: (a) pro- 
cessing can provide an alternate form that has 
been sorted (mapped), edited, or labeled by 
analysis, (b) processing can produce associ- 
ated, inferred quantity data, and (c) process- 
ing of several data sets car! produce alternate, 
correlated data sets. Planning of self- 
documenting data catalogs and a directory 
and holding structures sho.:ld accommodate 
this inevitable evolution. 

1nsf;cutionai Commitment 
Considering the above points, in addition to the 

requirements for incorporating scientific results into 
the archives we conclude that the role of data pro- 
cessing and archival institutions will be more active 
than in past or current practices. These institutions 
need to be part of the research process so that interest 
in the data and vigilance over the system will remain 
high. Provision of the many services outlined here is 
not a simple or easy task; appropriate institutional 
rewards must be found. Finding a solution to this 
problem must take account of several characteristics 
of the current practice of science: 

1. Publication of data and its documentation in 
refereed scientific literature is not possible, 
especially for the large satellite data sets. 
Hence, scientists do not spend much time on 
data structure or documentation. 

2. Quality dssurance and formal acceptance pro- 
cedures for large data sets do not exist, and 
reliance on individual scientists is inadequate. 

The usual tools of scientific quality management, 
namely peer and publication reviews, are inadequate 
for creating the Eos data base needed for future 
Earth sciences research. This suggests that the role of 
the processing, management, and archival institu- 
tions should be extended to include participation in 
research projects and the publication of data docu- 
mentation. Consequently, some institutional 
publications might well be elevated to full journal 
status by instituting review procedures similar to 
those of the refereed literature. 

SYNERGISTIC CHARACTERISTICS 
Coordination will be the keystone of a successful 

Earth Observing System and the modus vivendi of 

thedata and information system. Unlikemany flight 
projects of the past, virtually every facet of Eos, 
hence its data and information system, will require 
coordinated interaction to preserve its synergistic 
characteristics. Synergy within Eos occurs at three 
levels, all pertinent to the data and information 
system. They are: the scientific, project, and pro- 
gram levels. 

Scientific Level 
On the scientific level, we anticipate system 

resource conflicts arising that will demand resolu- 
tion within the confines of the data and information 
system. Multidisciplinary researchers and research 
teams will have needs for particular observational se- 
quences, while disciplinary researchers may well 
have requirements for entirely different measure- 
ments. Both groups will be affected by spectacular 
environmental events and the pressures (both scien- 
tific and political) to respond. 

These scientific conflicts could easily (and will 
likely) have an impact on the limited resources of the 
data and information system. While they may ram- 
ify and pervade the system, the areas most likely af- 
fected will include command management, instru- 
ment and mission operations, network services, on- 
board buffers, and data processing services. Since 
these services and facilities will have limited perfor- 
mance and capacity, a fast, efficient, and effective 
mechanism must be established to maximize resear- 
cher benefits when dissimilar scientific objectives 
collide. 

Project Level 
Resource conflicts at the scientific level directly 

translate into concerns at the project level. A major 
task of project personnel will be resource manage- 
rr qt, assuring continued, uninterrupted perfor- 
mance of the entire data and information system. 
Clearly, this will neither be a trivial task nor will the 
results of its performance be scientifically inconse- 
quential. 

There is an additional concern with resource 
management that heralds difficulties for the data 
and information system. This is synergistic instru- 
ment operation. While the Eos Science Steering 
Committee has discussed a number of synergistic in- 
strument scenarios, we do not presuppose that these 
are totally inclusive. As the research community in- 
creases its knowledge base, new requirements for 
multiple-instrument observational sequences will be 
identified. Preexisting requirements may remain and 
circumstances be further compou7ded by newly de- 
ployed instruments that may wel place greater 
demands on available resources. The data system 
design, implementation configuration, and opera- 
tion must be based on preserving flexibility to the 
greatest extent possible, maximizing scientific pro- 
ductivity to its fullest measure. 
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Program Level 

At the program level, resource conflicts take on a 
somewhat different character. To a large degree, the 
data and information system will be the key toensur- 
ing Eos’ scientific success. Consequently, fiscal re- 
sources must beidentified and preserved to ensure its 
full and complete implementation, regardless of the 
inevitable pressures to do otherwise. This task will 
not terminate with the deployment of one or more 
Eos platforms. Rather, as new instruments are pro- 
posed (and subsequently deployed), and new syner- 
gistic groupings of instruments are identified, ade- 
quate funding must also be secured for enhance- 
ments to the data and information system, when re- 
quired. In doing so, the fidelity and performance of 
the system may be preserved to the ultimate benefit 
of scientific research. 

DATA VOLUME AND RATE 

The Eos data and information system will be re- 
quired to handle daily more data than any system 
ever conceived. In general terms, Eos will produce 
several orders of magnitude more data per day and is 
envisioned to  have a duration exceeding any mission 
ever before proposed. Today, the only space mission 
at all close to projected Eos data rates, hence 
volume, is Landsat. While Landsat processing capa- 
bilities have been improving, the resultant data re- 
main relatively inaccessible and are used by a rather 
small number of individuals compared to projec- 
tions for Eos. Clearly, the operation of an Eos data 
and information system will create management 
problems of a magnitude that cannot even be fully 
appreciated at this time by either NASA manage- 
ment or the scientific research community who must 
cope with these data in their research. 

There are numerous management issues associ- 
ated with high data volumes and rates that can be 
clearly identified at this time. They involve virtually 
all of the recommended functional characteristics 
that the Eos data and information system should ex- 
hibit. Since the Eos data and information system will 
of necessity be a limited resource, it is reasonable to 
expect that the major issue associated with high Eos 
data rates and volumes will be scheduling, including 
scheduling of data acquisition, data set production, 
data access, and distribution timing. 

The architectural example discussed in Chapter 
I11 of this report concentrates on data flow and 
transparency. We have recommended the use C I  ex- 
pert systems to the extent possible to reduce delay 
times. Yet, we anticipate that even with these ad- 
vanced technologies, limitations in telecommunica- 
tions bandwidth, computational processing power, 
etc. will generate a significant number of scheduling 
problems. Further, it is likely that the synergistic 
nature of the overall mission will both solve what 

might otherwise be a complex scheduling probiem, 
and create yeL others, particularly if the Eos plat- 
form(sj host instruments of an operational genre 
together with a suite of individual, principal in- 
vestigator, and facilities-class instruments. 

We know that existing systems, such as Landsat, 
are inadequate, and we know from a management 
perspective that an Eos data and information system 
must be vastly superior; we do not know the specific 
solutions to the myriad management problems that 
these high data rates and volumes will create. We 
therefore recommend that the Eos data and informa- 
tion system be built in an evolutionary fashion, 
enabling solutions to  evolve along with the 
technology and expertise to cope with this new era in 
space research. 

ARCHIVAL DATA SETS 
A new objective unique to Eos is to increase our 

knowledge base, represented by dath archives, by 
persistently adding the results of scientific la ta  
analyses to the basic observational data holdings. 
This continuous evolution of information content 
requires redefinition of the roles of scientists and ar- 
chival institutions as integral elements of this system 
(which is conceived as a network tying users, dispersed 
data processing, and archival functions together with a 
central ddta directory and network management). 

Individual investigators or scientific teams have 
new obligations to  accomplish this knowledge in- 
crease. In return for access to the data system, these 
investigators must return their results to the system. 
Whether this obligation is accomplished by pro- 
viding system access to their individual holdings or 
by physical transfer of data sets to project archives, 
additional processing of the data resulting from an 
investigation will be required to provide: 

1. a catalog entry containing descriptions (de- 
fined by Eos) of data sources, data properties, 
analysis methods, and a i i i h t e s  (e.g., loca- 
tion, time, wavelength); 

2. a standard format to allow access from Eos 
software, and processing by Eos archival 
soft ware; 

3. documentation of data set contents, process- 
ing algorithms, instrument characteristics; 
and 

4. an evaluation of the results, including error 
analyses and validation tests, as well as a rele- 
vant bibliography. 

Archival institutions must be active participants 
in the data processing that supports scientific studies 
rather than passive storehouses. This new role re- 
quires data processing and distribution functions, in 
addition to the usual data acquisition and holding 
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functions (i.e., storage, security, purge). Data pro- 
cessing will be necessary to: 

1. put data sets into any  Eos standard formats or 
develop software interfaces between data in 
non-Eos formats and a n y  Eos standards; 

2. collect simple statistics of the data that can be 
used to mess  data quality; 

3. examine data or apply simple algorithms 
to develop attribute lists used for search 

purposes; 

4. compare data attribute lists produci:ig cross 
reference entries in the data catalogs; and 

5 .  prepare browse data sets by sampling the 
original data volume. 

Data distribution functions will be facilitated by: 

1. development and maintenance of data direc- 
tories (for all pertinent data sets) and data 
catalogs (for data sets held by Eos); 

2. production of browse data sets; 

3. establishment of peer review procedures for 

4. publication of data documentation catalogs. 

data quality; and 

FLEXIBILITY IN DESIGN: 
FUTURE USERS 

The Eos data and information system is being de- 
signed as part of the Eos project by evolution of a 
dispersed data processing network. Since the net- 
work is intended to provide flexible access to large 
data processing volumes by many project-related 
users, its design will have potential for other users 
entering thesystem at a later time. Thus the Eos data 
and information system is meant to continue the pro- 
cess of data analysis and research beyond the realm 
of the data collection phase of Eos alone. Provision 
should thus be made in the network design for ex- 
pansion of data access to and for acquiring new data 
sets from two classes of users. 

The smaller user class includes individual scien- 
tists or small groups investigating specific 
phenomena, incidents, or specific geographic loca- 
tions. This type of use:, as a group, will access data 
directories, data catalogs, and browse data very fre- 
quently but request only modest volumes of data. 
The netvork design must provide proper access se- 
curit:’ and usage accounting, allow remote access to 
directbries, catalogs, and browse data, provide 
usage statistics for accounting, and allow ordering of 
data. The Eos data and information system design 
may allow a user t3 order non-Eos data that is subse- 
quently reformatttd by Eos before being transmitted 
to the user. 

The larger user class is composed of consortia of 
investigators formed to undertake specific, large 
research projects external to Eos (e& a special field 
study may wish to acquire supporting data being col- 
lected by Eos or a retrospective study may be in- 
itiated to produce a climatological data set). This 
type of user will access data directories, catalogs, 
and browse files relatively infrequently but will re- 
quest rapid or scheduled delivery of large data 
volumes, possibly for long periods of  time. The Eos 
information network should be desi,.ied to allow ex- 
pansion (paid for by the user) to support additional 
large demand uses. A key feature of the Eos infor- 
mation system, in this case, is access to data quality 
assurance and calibration information, in addition 
to the basic observation data, and provision of ap- 
propriate software interfaces within the network. 

ECONOLMIC FACTORS 
Most academic research is funded with an 

assumption that data, once acquired, will be ex- 
changed through publications and by other means 
where the cost of obtpining the data by other in- 
vestigators is essentially negligible. In essence, scien- 
tists exchange data for personal recognition, which 
translates into professional growth. increased in- 
come through advancement, and peer recognition. 
Thus, grants for space research are oft-n dominated 
by salaries of scientific personnel compoundcd H i t h  
institutional overhead. Computer costs may also be 
substantial, but an approach being adopted more 
and more often is for a funding agency to provide a 
shared-use computer facility and allocate time to its 
irrvrestigators at no cost to the researcher. This tends 
to encourage full use of  any large-scale machine, and 
the pattern is generally that new computers are fully 
subscribed within one to two years. 

The traditional procedure for obtaining Earth 
remote sensing data for research purposes is 
somewhat anaiogous to the supcr compilter situa- 
tion. Investigators propose to participate in space 
missions and, if successful, receive access to data at 
no cost. Copies o f  archival data are made available 
at the marginal cost of reproduction. Under this 
system, the aggregate scientific community woi ks to 
justify funding for a major space program or mis- 
sion and then receives the resultant data at marginal 
cost. In essence, i f  the promise of future knowledge 
is sufficient, then present professional stature ;s ex- 
changed for access to data at little diiect cost. Full 
exploitation of the data is encouraged because the 
only barriers to obtaining data are successful peer 
evaluation leading to selection for participation in a 
mission or research program. 

Tnese considerations have direct bearing on the 
financial model that should be used in operating 
Eos. The current research system will continue to 
function i f  data are provided at costs not exceeakg 
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the marginal cost of making the data available. 
However, an alternate system, which requires those 
obtaining data for research to pay a proportionate 
share of the capital cost of acquiring the data (e.&., 
Landsat), will necessitate major changes in the way 
research is funded. A full-cost recovery system will 
work against the interests of maximizing use cf Eos 
by discouragicg access to data, and fwther is dia- 
metrically opposed to the unique feature of Eos that 
requires researchers to return reduced or derived 
value-added data sets to the archives. 

The scientific community and its sponsors 
strongly support a system where the vdue of im- 
plementing a mission is judged in advance, and ac- 
cess to its data is governed by a peer review selection 
process. Under this system, institutional capabilities 
such as a data system or spacecraft are funded as part 
ef the decision to proceed with the activity, not 
recovered directly from the researchers utilizing 
them. Consequently, it will be more straightforward 
to successfully implement Eos ltnd ensure its max- 
imum utilization if monetary charges for data are 
limited to the marginal cost of reproduction. 

Although this economic model will work ade- 
quately for some investigators, it  will not work for 
all. Many researchers will be contrhctually obligated 
to provide value-added data to the archives. If a 
researcher is required to pay even the marginal cost 
of reproducing the initial data he receives, then i t  is 
reasonable io expect that he should receive financial 
remuneration for processing, copying, and pro- 
viding his derived or reduced data to the archives. 
Unless these costs are considered and included from 
the outset of proposal preparation, the t i 3 k  of retur- 
ning these dat; to the archives will necessarily re- 
quire the use of an individual scientist’s research 
funds; hence, the task will be of low priority. 

Thus, some adjustments to theexisting economic 
system will need to be made. We anticipate that these 
changes will not require a major restructuring of the 
system, but rather note that the problem will likely 
arise and recommend that NASA management take 
all necessary steps to ensure that priority is given 
to the acquisition of value-added data from Eos 
researchers. 

INTERACTIOP: WITH OTHER 
GOVERNMENTAL ENTITIES 

Unlike many other space research missions, Eos 
should provide a means for addressing a suite of 
multidisciplinary research problcms. To do so re- 
quires access not only to data derived from Eos 
spacecraft, but also to other archives, many of which 
are operated and maintained by other governments 
and governmeiital agencies. Similarly, we anticipate 
that E o 5  will enable multiple data suurce, discipli- 
nary research to be more effectively conducted. Here 
too. many of the requisite archival holdings are 

under the purview of other governmental entities. 
Clearly, to achieve the scientific objectives of Eos, 
researchers will need easy access to directories and 
catdogs, as well as to the data per se resident within 
these external archives. 

The technical challenge; of efficiently and trans- 
parently linking heterogeneous data bases are not 
beyond the capabilities that should be readily 
available luring the 1990s. The problems arising 
from the multidisciplinary scientific objective will be 
managerial in nature. Project management’s princi- 
ple ta.k will be to effectively ensure that the direc- 
tories and catalogs that researchers access are up- 
dated on a very frequent (perhaps daily) basis. Thus, 
inter- and intra-governmental communications will 
likely be the deciding factor in determining whether a 
researcher’s data needs are met. 

On a program management level, the problems 
generated by this archival access issue become 
political in nature. We anticipdte the need for multi- 
ple interagency agreements detailing access pro- 
cedures, updating methodology, responsibilities, 
funding, etc. On the international,  inter-  
gove: nmental level, similar negotiations must take 
place and agreements be defined. In both cases, we 
anticipate that these external governmental entities 
will request reciprocity in archival access. Since 
many research scientists and colleagues are in the 
employ of these external organizations, we expect 
that many will likely be collaborating with project- 
sponsored investigators. Clearly then, reciprocal ac- 
cess will be neither a technical nor a scientific issue 
but, rather, political. 

On this basis, we urge NASA to undertake ap- 
propriate negotiations with those governmental 
bodies responsible for the operation and main- 
tenance of archives holding data pertinent to Eos 
scientific objectives. The resultant agreements 
should be consistent with the access requirements 
delineated within this report. 

REWARDS AND PUNISHMENT: 
A PERSONNEL DILEMMA 

If the scientific community is to have easy access 
to existing, planned, and future data sets, th: Eos 
data and information system must fully utilize ad- 
vances in data system software and hardware. In 
order to completely integrate these improvements in- 
to the Eos data and information system it will be 
necessary to greatly expand upon and upgrade ex- 
isting human resources invclved in the fields of data 
management, preparation, maintenance, and scien- 
tific validation. The success of the data and informa- 
tion system requires that these professionals be 
recognized, encouraged, and appropriately re- 
warded for their efforts. 

Many traditionally trained scientists and 
engineers lack the inclination or ability to adequately 
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perform the tasks necessary to manage, produce, 
and maintain data sets that are useful to the greater 
scientific community. These tasks include scientific 
quality Pwrance, validation, algorithm mainie- 
nance, and, of particular importance, documentation. 

Employment in the data management sciences is 
currently rendered relatively unattractive because 
workers receive fewer promotions and other types 
of recognition than coworkers in the more tradi- 
tional scientific disciplines. Consequently, the field 
has not attracted a large number of individuals of 
the type and caliber that €os will most assuredly 
need. There are several reasons for these differences 
in recognition and rewards, but primarily they stem 
from the nature of the work; data management sci- 
entists do not produce the same type of publications 
as those engaged in traditional scientific endeavors. 
Data management publications are produced less 
often and do not generally appear in the refereed 
scientific literature. Indced, the major derivaiive of 
data management is the data set itself, which is 
merely described by publications or, more often, 
user’s guides and other types of similar documenta- 
tion. Throughout the scientific community, 
recognition of professional accomplishment and ex- 
cellence is primarily related to publications in 
refereed scientific journals. A major step toward 
encouraging highly qualified and motivated sci- 
entists to enter and remain in the field of data man- 
agement would be to broaden the base of what is 
recognized as a truly significant scientific publica- 
tion. This then remains the guide for measuring 
professional performance, but should include pub- 
lications of technical memoranda (which describe 
data sets), user’s guides, algorithm and validation 
study results, as well as the data sets, per se. 

KEY ISSUES 
Although there are many considerations, both 

technical and managerial, noted within this report, 

there are two prime issues that NASA management 
must address at this time. They are (i) the need for 
immediate action to plan, design, and implement an 
Eos data and information system, and (ii) the need 
to develop the experience, expertise, and technology 
necessary to ensure that the resultant system effec- 
tively meets the needs of the researc4 community. 
One means of addressing these issues is to initiate a 
top-down furxtional design effort that is very close- 
ly  coupled to and iterated with prototype experience 
to efficiently converge on an optimal sysiem by the 
beginning of the next decade. Regardless of the ap- 
proach taken in addressing these issues, there are 
two imperatives or guiding principles that should be 
followed throughout the evolutionary process. 
They are (i) scientific involvement and (ii) scientific 
oversight. 

The prime objective of a scientific mission is to 
obtain new knowiedge and understanding. There- 
fore, it is reasonable that since data are acquired for 
scientific research, scientists should play a signif- 
icant role in determining what data are required, 
how they are acquired, how the; are processed and 
disseminated, and the disposition of the data after 
they are collected. Scientists must be actively in- 
volved throughout the Eos data and information 
system evolutionary process to ensure production 
of and access to data sets of the highest quality. 
This involvement will maximize the return on in- 
vestmen! and improve the quality of the resuitant 
data. 

Management of scientific data bases ha5 been 
the responsibility of project personnel, principal in- 
vestigators, and project archives (such as they are). 
Those scientists outside of the project per se who 
actually use the data for research purposes have not 
been actively invalved in this process. These scien- 
tists should be involved at the outset via an over- 
sight and advisory function, since the most success- 
ful examples of data base management involve user 
oversight. 
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V. RECOMMENDATIONS AND CONCLUSION 

The goal of the Eos data aad information system 
must be, by the time Eos spacecraft are returning 
data, to meet the challenges of Eos mission opera- 
tions, data transport, processing, and data manage- 
ment, in addition to thechallenges of access to infor- 
mation and data not under direct control of Eos or 
even NASA. An Eos data and information system 
must be a system that includcs geographically 
6:stributed sites of varying capabilities and responsi- 
bilities. We expect that by the 1 9 9 0 s  local processing 
capabilities, combined with network technologies, 
will allow such a geographically distributed system 
to become a reality. In fact, we envision the key ob- 
jective of an Eos data and information system to be 
providing remote and interactive electronic access to 
the variety of capabilities and services that the 
system offers. We consider the management of this 
data and information system to be considerably 
more difficult to implement successfully than the 
technological aspects. 

OPERATIONAL AND 
COMMERCIAL USERS 

We recommend that !he Eos data and informa- 
tion system be designed to meet research needs, but 
that it also be used to meet the needs of operational 
(e&, NOAA, DoD) users, to the extent that such 
needs do not detrimentally impact use of the system 
for reseaich. Commercial users, likewise, should be 
accommodated to the extent that their use does not 
deter Eos research and to the degree that commercial 
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use costs can be recovered. If operational users 
significantly impact 'cos operations, then the rele- 
vant operational entity should fund or provide the 
enhallcements needed to meet their needs. This 
recommendation necessarily implies that the infor- 
mation system be designed in a manner that ensures 
flexibility, allowing enhancement without affecting 
operation 3f the remainder of the system. We believe 
that a modular, flexible architecture such as de- 
scribed in Chapter I11 of this report has the potential 
to meet this as well as many of the other require- 
ment - presented herein. Consequently, we urge 
NASA to explore the adoption of a modular, trans- 
parent architecture for the Eos data and information 
system. 

FUNCTIONAL ELEMENTS: THE 1990s 

Within this report, there are a number of recom- 
mendations, requirements, attributes, and char- 
acteristics pertaining to detailed functions and 
capabilities of the Eos data and information system. 
An annotated listing of requirements is presented in 
Appendix I1 and grouped conveniently into seven 
separate categories. Figure 3 schematically portrays 
these functional categories and their interconnections. 

The seven functional categories or grou;>ings in- 
clude flight systems, user, operational, information 
services, advanced data base management, 20s data 
processing, and non-Eos data base functions. Flight 
systems include the functions and characterigtics of 
both remote sensing instrumentation as well as !he 

Operational 
c.. -... :- -" 

- -. - - - . .. .. - .. , - , . - -- --. - 
Eos INFORMATION SERVICES FUNCTIONS 

Other non-Eos 
Data Bases 
Functions 

Processing 
Functions 

Data Base 
Management 

Functions 

Figure 3. Eos dqta and information system - Generic functional groupings. The 
schematic interconnection of these elements indicates the dependencies of any 
one task upon other functional domains. 
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onboard data system. User functions embrace the 
envisioned modi operandi of researchers, operations 
personnel, instrument scientists and teams, and 
other individuals requiring access to Eos services. 
The functions and characteristics inherent in space- 
craft and data and information system operation ale 
included in operational functions. Eos information 
services functions include the suite of network ser- 
vices (bot9 space- and ground-based) that we envi- 
sion during the Eos era. Many of the new functionel 
requirements for the data and information system 
are grouped under Pdvanced data base management, 
while processing requirements for Eos data, per se, 
are grouped separately. Similarly, the needs for ac- 
cess to and data from non-Eos sources are encom- 
passed within the final functional grouping. 

Unlike many space research missions. the re- 
quirements levied upon Eos as a whole are such that 
these seven functional elements are very much in- 
terdependent upon m e  another. Tasks contained 
within one element may not be accommodated solely 
within the domain of that element but rather may re- 
quire input from one, two, or perhaps an even 
greater number of other functional domains. Thus, 
for Eos to be successfully implemented, all of the 
data and information s)stem fuectional require- 
ments delineated in this rep-rt should be provided. 

Consequently, we recommend that the Eos data 
and information system of the 1990s include the 
functional characteristics depicted here in elemental 
form, identified throughout this report, and sum- 
marized in Appendix 11. 

IFFORMATION SYSTEM 
EVOLUTION: THE 1980s 

Many existing scientific research projects and 
pilot data system studies are conside:ing aspects of 
problems that must be solved to implement suc- 
cessfully a data and informatior system sapporting 
the project and program needs of Eos. Therefore, 
progress toward an appropriate information system 
can be obtained by focusing existing efforts, 
stimulating new scientific uses of data, and coor- 
dinating an iterative learning process that is directed 
toward evolutionary or “test-bed” information 
system concepts. These activities (many already 
begun or planned) should be focused and used to 
generate experience with information management 
problems and their optimal solutions, and provide 
the nucleus of a hnctional Eos data and information 
system. 

The conceptual structure for an Eos information 
system that underlies many current activities is that 
of a central coordination and infarmation manage- 
ment function, together with access to data holdings 
located at a number of data archives. The recom- 
mendations noted below are meant to focus study on 
the problems of defining the functions and structure 

32 

of an Eos data and information system by attempt- 
ing to carry out these functions on a smaller scale. 
The key lies in trying several solutions to the various 
problems so that planning for the resultant system 
will be based on experience. To secure the enthu- 
siastic participation of researchers and managers, 
the motivating factor for these information manage- 
ment studies should be real scientific investigations 
that demand solutions to many of the problems and 
functions outlined in this repor:. 

Expansion and Focus of Pilot Data Systems 
We recommend that NASA’s current Earth 

science pilot data systems be continued and ex- 
panded (as appropriate) in their representative 
disciplines. Additionally, we recommend close col- 
laboration with the UCAR Unidata initiative, which 
provides a similar focus for the atmospheric 
sciences. These efforts, each in a unique fashion, are 
addressing many of the technical and managerial 
questions that must be answered to design an Eos 
data and information system. Future efforts should 
address four areas: (i) develop data formats and in- 
terface software to allow access to heterogeneous 
data from any of theexisting pilots; (ii) develop (with 
researchers) new analytical tools for multi-  
disciplinary research; (iii) improve data sets in pilot 
archives by developing improved documentation 
a n i  formats that cross traditional Earth science 
boundaries; and (iv) produce an electronic data 
directory for all NASA Earth science holdings, and 
similarly electronic catalogs for all Earth science 
pilot project holdings. 

Some or all of these objectives have already been 
identified by individual pilot efforts, but they should 
be focused with an Eos information system thrust, 
leading to progress toward Eos. A key feature must 
be strong interaction and col1abora:ion with ongoing 
research efforts that emphasize the collection and 
analysis of multiple data sets. The evolutionary Eos 
data and information system should work with re- 
searchers to facilitate archival access, and the re- 
searchers should return reduced and value-added 
data and analytic results to the archives. This in- 
teraction will allow the information system, the pilot 
systems, and analysis efforts to evolve with a new 
level of sophistication. Developed software should 
be considered part of the archives. The Eos data and 
information system as we!i as the pilots can be struc- 
tured to properly manage information while stim- 
ulating research. 

We further recornmend that the Global Resource 
Information System concept be focused on Eos ob- 
jectives, then utilized for developing the infomation 
network aspects of the Eos data and informatioi. 
system. Particular attention should be given to 
developing and utilizing technology to allow 
transparent access to heterogeneous dat; bases, to 
advanced data base management software with 



intelligent (expert systems) search capabilities, and 
to cost-effective network capabilities, including 
direct data broadcast. To the extent applicable 
guidance from the Space Physics Analysis Network 
activities may be both desirable and worthwhile. 

Science Projects to Focus System Evolution 
We recommend that the Earth Science and Ap- 

plications Division fund a limited number of 
multidisciplinary research teams to investigate a 
select number of crucial scientific objectives in 
hydrology, biogeochemistry, or climatology. using 
currently available data sets. These research ac- 
tivities would foster multidisciplinary studies of 
Earth, studies that require access to multiple, diverse 
data sets. These research teams will be responsible 
for using the evolving Eos information system, col- 
lecting data from external archives, analyzing the 
data, and returning their results and experience to 
theembryonic information system. Thelink between 
multidisciplinary research projects and information 
management systems can provide the experiences 
necessary to move toward an operational Eos data 
and information system in the next decade. The key 
is selecting teams to do this typeof research now, us- 
ing current data and archival systems to define where 
many of the problems lie and what the solutions 
might be. Finally, these scientific projects can be 

utilized to identify key data sets that need to be 
retained, maintained. and organized in a time series 
data base format for comparison with Eos data in 
the 1990s (e.g., preservation of the Advanced Very 
High Resolution Radiometer archives). 

CONCLUSION 
The final and perhaps most significat recom- 

mendation of this panel is to initiate the planning 
and implentationofane\olutionary Eosdataand in- 
formation system without delay. A functional 
system providing the means through which Eos data 
can be most fully utilized will not be built in a matter 
of a few years; it must be allowed to evolve along 
with the increasing knowledge bases of the Earth and 
data management sciences. 

There are two fundamenial principles that 
should be followed throughout the Eos data and in- 
formation system evolutionary process. They are: (i) 
Involve the scientific research community at the 
outset and throllghout all subsequent activities, since 
the data will be acquired, transmitted, processed. 
and delivered for scientific research purposes; and 
(ii) provide the researcher with an oversight and 
review responsibility, since the most successful ex- 
amples of data base management rely on the active 
involvement of scientists. 
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APPENDIX I - RESEARCH SCENARIOS 
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It is useful to consider how scientists in various 
disciplines would utilize Eos and its data to address 
research problems. In doing so. the Data Panel 
developed requirements and system attributes by 
considering examples of research activities, most of 
which parallel the scientific objectives delineated 
within the Eos Science and Mission Requirements 
Working Group report. Necessarily, these scenarios 
focus 3n current activities ar.d methodologies. 
However, we do not envision major variations in the 
ways Eos investigators will ap; .oath problems in a 
functional sense. Therefore, these scenarios provide 
a background for developing Eos data and informa- 
tion system requirements. 

CLIMATIC RESEARCH 
This scenario portrays information system re- 

quirements for climate research, with a focus on at- 
mospheric phenomena. In climate research, not all 
of the quantities to be derived from the data are 
known beforehand. Indeed, a main purpose of the 
data andysis is to find and diagnose patterns of 
behavior: the knowledge of climate therefwe grows 
by accumulations of multiple descriptions of the 
same data w;th special emphasis on correlations be- 
tween quantities. Summary statistics obtained from 
the data are compared with climate model perfor- 
mance to improve understanding and simulation 
capability. 

Data Characteristics 
The primary characteristics of a climate data set 

are its global coverage and temporal record Icngth, 
brit to be useful the coverage and lengtir tils' have 
uniform properties. Research objectives, namely 
diagnosis of climate processes, also require suffi- 
cient space and time resolution (i.e., detail) to 
observe key atmospheric phenomena. Therefore, 
remote sensing climate data can be described as 
multispectral images with space and time resolution 
of 10 to 50 km and 1 to 12 hr.. respectively. The 
dominant length scale of atmospheric motions 
argues for image scene sizes greater than 1,OOO km 
(“imagery” means data taken rapidly over large 
areas and includes such data as temperature soun- 
ding data). Useful record lengths are from a few 
years to decades. The importance of radiation pro- 
cesses in climate is such that research interest in 
measured ridiances will be equal to the interest in 
quantities derived from the radiances. 

Data Access Patterns 
Three inteirelated types of data access are often 

used to attain climate research objectives: (1) case 

studies, (2) routine statistical analyses, and (3) cor- 
relation studies. 

Case Studies 
Case studies are analyses of specific, high-detail 

data sets to diagnose climate processes. to validate 
remote sensing data analysis techniques by compari- 
son to other measurements, or to validate the 
physical interpretation of statistical patterns in- 
ferred from coarser data analysis. Case study data 
sets are generally limited in geographic and temporal 
coverage, but still of large volume because of the 
need for high resolution. Access to raw data is usually 
needed. To generalize results from case studies, an 
ensemble of similar data must be examined. Thus, 
interaction of the research scientis: with the data ar- 
chives involves catalog search to find data sets for 
specified geographic regions and times, catalog 
searches of many different dara sets to find those 
cases with adequate data for intercomparison and 
validation studies, and browsing of reduced-volume 
versions of the data to find other examples of par- 
ticular phenomena. Data must be cataloged accord- 
ing to place and time, instrument and satellite, and 
physical quantities measured to allow for correlation 
searches. Browsing reduced-volume data to search 
for specific kinds of events can be facilitated by an 
interactive expert system (i.e., a computer system 
that “learns” to sort data from other investigators 
who have already sorted the data). This system is 
possible only if the results of previous case studies 
and statistical surveys are made part of the data ar- 
chives. Updating the catalog and archives and !he 
menu of sorting criteria ailows the use of data to 
become more sophisticated with time. More atten- 
tion should probably be paid to implementation of 
this approach than to providing processing software 
to investigators. 

Statistical Analyses 
Routine statistical analysis of the data demands 

repeated access to long, continuous time series of 
measurements. These analyses can be considered as 
progressive sorting of data, producing statistical 
characterizations of content. Access must be to both 
original measured quantities and to derived quan- 
tities Information on calibration. calibration 
history, and documentation of techniques used to 
derive quantities are necessary parts of the data 
record. Although most users would perform their 
primary processing locally, several routine utilities 
would be used if available: mapping, statistics, and 
soriing and classification. The first refers .o provi- 
sion of the data in a standard map grid so that 
statistics may easily be obtained. A mapping utility 
should allow not only a selection of the grid and its 



resolution, but also control of the procedures (ac- 
cumulation, sampling, replication, interpolation) 
used to reproject the data. Simple statistical utilities 
would be useful to reduce the data volume sent to a 
researcher. For example, an investigator interested 
in interannual variability of synoptic cloud features 
might request data averaged Over the diurnal cycle. 
Samples of the data may also be desirable. Sorting 
and classification utilities make i! possible for a 
scientist to select from a long data record those 
events of interest (determined by simple physical 
criteria). Updates of these utilities based on previous 
research results allow for more sopbisticated 
analyses subsequently. 

Correlation Studies 
Correlation studies can be either case studies or 

statistical analyses; however, the focus is on i’ie cor- 
relation between many variables. This kind of study 
is most demanding of resources because it requires 
all of the capabilities discussed above as well as ac- 
curate time and space collocetion of multiple-source 
data. It will also require greater access to other data 
sets outside of those produced directly by satellite 
missions. Sorting of multiple data sets into col- 
located time sequences requires significant computer 
resources and detailed catalog and inventory infor- 
mation for each data set. Multidisciplinary research 
(e.p., air-sea interaction, land-atmosphere pro- 
cesses) will make extensive use of this type of data 
analysis. Access to multiple archives containing 
results of previous data analyses will also greatly 
facilitate this type of work. 

Needed Utilities 
Three types of software utilities need to be 

available to researchers either online or as doc- 
umented software that can be used locally. The first 
examines data documentation to determine physical 
variables (in SI units), to allow specificat:on of 
measurement geometry and conditions, and to pro- 
vide time and location of the measurement. The sec- 
ond allows mapping of data on a standard grid, time 
selection, and data volume reduction by a variety of 
simple processes: sampling, averaging. sorting, 
classification, and calculation of simple statistics. 
The third updates catalogs, inventories, and 
selection-software menus to reflect previous analysis 
results. 

Mission Operations 
The constraints placed on mission operations by 

climate researcher data requirements are primarily 
those required by the maintenance of long, consis- 
tent measurement records. Changes of observational 
strategy generally would not require rapid system 
respmsc. If  space, time, and spectral resolutions of 
the instruments can be altered on command, climate 

research n& could be met by ready access to com- 
mand histoiy information (for short time record in- 
terruptions) a * d  bv data processing to produce the 
defined climate observations. Examples of this last 
strategy in:it.at :or tinued production of lower- 
resolution clin ste observations by processing of 
higher-resolution data collected for some other pur- 
pose, or continued production of spectral images by 
processing spectrometer data to simulate broader 
band images. The key requirement is to obtain a 
long, uniform data record. 

Data Management and Control 
The underlying structure of the data base re- 

quired to support the type of research discussed 
above is that of a centrally coordinated network of 
dispersed data archives. The central coordination ac- 
tivity involves maintenance of a master directory of 
all holdings and a library of software modules 
needed IO interact with archives transparently. The 
interaction uith specific archives includes examina- 
tion of local (more detailed) catalogs, browsing, 
ordering, and addition of data. Software modules to 
read (and write) data files should be provided, either 
by the central coordination institution or the local 
archives. 

Key technical difficulties that need io be resolved 
(based on current archival practices) are: 

1. 

2. 

3. 

4. 

5 .  

improve documentation to provide complete 
experiment and calibration information; 
improve navigation information and its 
accuracy; 

resolve difficulties of multiple data set access 
caused by widely varying data formats; 
provide data browse capability in systems that 
can “learn” progressively more sophisticated 
sorting; 
provide for more remote data manipulation to 
allow preliminary (simple) studies that lead to 
more focused data selections. 

Scale of Activity 
Analysis of very large data sets will continue to be 

limited to a small number (-10) of groups, usually 
associated with large models, tha; have sufficient 
compt.ter resources. The interactive nature of ar- 
chives is therefore crucial because the results of an 
analysis are usually smaller in volume than the 
original data and of more interest to a larger number 
of researchers. Consequently, these few, large 
groups should probably have component archives of 
the total network; however, these groups will not be 
very interested in providing services to others. The 
role of a coordinating function will be to provide ser- 
vices (Le., format documentation, catalogs). I’he 
more numerous (-100) users of smaller data sets 
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will also be more interactive and use more processing 
power IO access data. 

CLIM A l l  C MONITORING 
This scenario represents the type of observations 

that might be needed in the future to support 
seasonal forecasting or to target anomalous events 
for intensive study. Data collection methodology is 
focused on uniform, global coverage; however, 
near-real-time analysis is required to produce a 
reduced resolution version of the data along with 
statistical summaries. In addition, this type of 
scenario requires an ability to switch rapidly from a 
low level to a high level of effort. Thus, routine ex- 
amination of summary statistics may lead, in quick 
sequence, to a request for more detailed data already 
in the archives and to a change in instrument con- 
figuration. This capability would support study of 
the time evolution of major climate anomalies. 

Data Characteristics 
The basic data taken by specific instruments 

represent a global description of the thermodynamic 
state of the atmosphere. These data would be 
equivalent to current routine weather observations, 
but a version of thedata with somewhat lower spatial 
(-500 km) and temporal (- 1 day) resolution would 
be prepared. Climate monitoring would entail near- 
real-time calculation of a number of statistical quan- 
tities (e.g., anomaly maps) presented in a standard 
map-projection or grid format. Appearance of a 
“significant anomaly” would trigger an examina- 
tion of the full resolution data being acquired. 

Data Access Patterns 
Routine access to the archives for examining 

reduced resolution data and statistical summaries 
might be limited to a very few ( - 5 )  institutions in 
near-real time (wcekly or monthly). Other research 
institutions may access these same records at other 
times to test forecast models, which would require a 
browse facility to locate “interesting cases.” If 
seasonal forecasts are being attempted, then rapid 
access to the higher-resolution (unprocessed) data 
will also be needed. If  intensive observations are re- 
quested or some change in observational strategy is 
called for, then data characteristics wiil be similar to 
those for case studies or field studies discussed 
above; but access will need to be more rapid. Part of 
the decision process in changing instrument con- 
figuration would be examination of “current” data 
in mapped or image form. 

Needed Utilities 
The basic utilities needed to provide near-real- 

time access to statistical summary data are process- 

ing algorithms required to produce statistical quan- 
tities (including a climatology data set for anomaly 
calculations) and a mapping facility. This type of ac- 
cess may take the form of electronic transfer of small 
data sets (maps! to a remote location for display. 
More rapid res9onse to data requests (based on a 
browse data set) or a method for remote display of 
higher-resolution data sets may be necessary. 

Mission Operations 
Unlike climate research, this type of study re- 

quires not only more timely access to the data stream 
(within one week) and near-real-time processing on a 
routine basis, but also the ability to change observa- 
tional strategies quickly to get better information 
about some particular location. Since the research 
supported by this capability is directed toward 
developing monitoring and prediction techniques. 
someevolution of theobservational strategyover the 
course of the mission is expected. 

Data Management and Control 
Not only the instrument configuration. but also 

the data processing system will evolve as mole is 
learned about the controlling factors for climate 
variations. Consequently, proper quaiity assurance 
and documentation of observations and processing 
software is imperative. Results of experimental 
anomaly predictions. whether retrospective, or near- 
real time, should be stored in some fashion for model 
intercomparisons. A trace of studies focused upon 
particular anomalous events can benefit subsequent 
analyses of climatic variations. 

Scale of Activities 
Routine access to the archives is likely to be 

limited to a few institutions with climate-scale 
Global Circulation Models and large computer 
resources; however, access to higher-resolution data 
sets for certain case studies (e.g., El Niiio, volcanoes) 
will be more widespread. 

LAND SURFACE CLIMATOLOGY 
The objective of a land surface climatology proj- 

ect is to develop a better understanding of the pro- 
cesses occurring within, and the interactions among, 
the Earth’s biospheric, edaphic, hydrologic, and at- 
mospheric systems, and to determine their role in in- 
fluencing climate ever land surfaces. To accomplish 
this objective, principal experimental efforts would 
be organized and conducted as three parallel ac- 
tivities, each of which depends on the development 
of a supporting data base and data analysis system. 

The first activity would be to conduct an analysis 
of existing remote sensing data in an attempt to select 
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climatically representative study regions. The pur- 
pose is to determine the extent to which changes in 
the land surface can be determined and measured, 
and to assess the relative sensitivity of climate to 
various land processes. The second activity would be 
to prepare and validate comprehensive global data 
sets derived from operational satellites. The valida- 
tion would be performed to document the current 
state of the Earth's land surface with respect to a 
number of select environmental parameters. The 
third activity would involve pilot experiments on 
specific regional or continental land masses to cor- 
relate remote sensing measurements with climate 
sensitivity parameters and to validate or modify 
land-atmosphere interchange models for these study 
sites. 

These studies could include: 

1. Vegetation: Fluctuations in green leaf biomass 
(moilthly. seasonally, and annually) would be 
related to precipitation and surface 
temperature on a continental scale. Biomass 
would also be related to ecological units (i.e.. 
Holdridge Life Zones) and to processes such 
as desertification, deforestation. and habitat 
destruction. 

2. Soils: Regional measurements of soil moisture 
would be related to remote sensing surface 
signatures to determine if a broad range of 
relative differences in surface moisture condi- 
tions could be delineated using remote sensing 
instruments. 

3. Hydrology: The application of remote sensing 
techniques to provide better estimates of sur- 
face water areal extent and volume, evapo- 
tranzpiration, precipitation, snow cover and 
volume, and soil moisture would be explored 
on a global or regional basis and used if pro- 
ven feasible. 

4. Near-Surface Atmosphere: The capability to 
remotely detect and quantify climatic varia- 
tions in the land surface record and to relate 
these changes to climate process models would 
be also assessed. Measurements would include 
multi-stage sampling of the land surface for 
albedo, vegetation cover, surface roughness, 
insolation, ground temperature, precipita- 
tion. etc. 

Approach 
Historical land remote sensing data would be ex- 

amined to determine if  in regions known to have ex- 
perienced significant variations in their climate, 
these climatic changes can be detected through an 
analysis of changes in land cover. The approach 
would be to assemble land surface data obtained 
from satellites into a data base, including developing 

procedures to gain rapid, easy access to heter- 
ogeneous data in geographically dispersed archives. 
These data would need to be preprocessed and inter- 
compared. They would also be compared to col- 
lateral data sets in the form of tabular meteo- 
rological records; digital topographic data; poly- 
gonal land cover and soil designations; and intensive 
point. area, and transect data from field meas- 
urements. This would necessitate integrating se- 
lected ground reference data, such as soil and land 
use maps, into the data base. A georeference struc- 
lure would be used for relating these data sets. 

While analysis of retrospective data would pro- 
vide some indication of the influence of past land 
surface changes on climate, the present physical and 
biological state of the land surface should also be 
described. The best current sources of this informa- 
tion on a global scale are data sets derived from 
operational satellites. These satellite and ancillary 
data sets Mould be assembled into a global data base. 
Specific study sites, ranging in size from 10 to 500 
km' mould be selected to represent different climatic 
regimes, and a data base would be assembled. Pilot 
experiments that entail collection of field data and 
remote sensing data Mould be conducted. These ex- 
periments Hould be designed to determine if specific 
processes can be detected through remote sensing of 
earth surface features, and would use data from a 
variety of instruments. 

Land-atmosphere process models representing 
the exchange of mass, energy, and momentum be- 
tween the land and atmosphere systems would be 
developed. Detailed data si:s acquired over the study 
sites uould be used to initialize or parameterize 
models in simulation runs, and to verify and validate 
the resuhs of the models. The response of the land 
surface in terms of biomass productivity and Mater 
budget Nould be modeled given climate forcing 
functions (precipitation and insolation) and :er- 
restrial system properties (vegetation cover and sur- 
face roughness). 

Data Needs 

Satellite remote sensing data to be examined 
would include visible, near infrared, thermal in- 
frared, and microwave radiances acquired at spatial 
resolutions ranging from 30 m to 30 hm, and tem- 
poral resolutions from less than 1 day to 18 days. 

In addition to these data, observations from a 
variety of spectrometers, radiometers, a id  cameras, 
flown on aircraft, would be used. Ground-based 
measurements of vegetation and soils would also be 
collected at selected study sites. These measurements 
would include physical sampling of vegetation 
biomass and soil moisture for laboratory analysis. 
Other measurements would include reflectance in 
the visible and infrared portions of the spectrum 
using hand-held and truck-mounted radiometers, 
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and standard meteorological parameters, such as 
temperature  and relative 4 Jmidity,  f rom 
meteorological stations. 

Participants 
Institutions participating in this type of project 

v.ould fall into two categories, those that would con- 
duct scientific research and those that could provide 
data. The number of scientific investigators involved 
would probably increase from perhaps 10 initially to 
as many as 50 in subsequent years. They could be 
geographically located at a total of perhaps 15 
domestic and foreign government agencies, univer- 
sities, and research institutes. All of their facilities 
would have the hardware and software expertise for 
digitally processing remote sensing data. Perhaps as 
many as 10 national and international institutions 
would be involved in providing data, including 
satellite, aircraft, and field measurements 

Information System Considerations 
Project needs would irdude locating and retriev- 

ing appropriate data, providing data to co- 
investigators. and transferring data to computer 
systems appropriate for each processing step. These 
steps would typically involve reformatting, 
preprocessing, processing and information extrac- 
tion. and developing or veri: ying process models. 

This type of project would need an information 
system that provides access to remote data bases and 
processing services to accomplish the following 
tasks: data search, browse, data storage. data pro- 
cessing (reformatting. registration, etc.). geographic 
overlay of dissimilar data, and data base manage- 
ment. An additicnal requirement w-ould be to pro- 
vide these serviczs quickly and in a straightforward 
and easy-to-use r,ianner. This could involve the use 
of techniques beilig developed in the field of ar- 
tificial intelligtnce The focus of the information 
systems needs discussed here allows scientists to 
focus on  the research, and not waste their efforts on 
the details of accessing and preparing data for 
analysis. 

GEOLOGIC MAPPING 
Digitally merging and interpreting data collected 

by different remote sensing instruments with map 
and field data is rapidly becoming a major task of 
scientists in many different disciplines. For example, 
Landsat Multispectral Scanner (MSS) data have 
been merged with both Seasat and SIR-A radar data 
for e-AogicJ analyses. These data have also been 
con bined with geophysical, gexhemical, and soils 
data that were digitized from existing map sources 
and then converted into images. One can envision 
projects that utilize Landsat thematic mapper, syn- 

thetic aperture radar. digitized topography, soils 
maps, and geophysical and geochemical data, 
together with Eos data. A main objective of these 
projects would be to extract new information on the 
types of soils and rocks in given areas. 

One of the first tasks would be to identify the 
data that are available in a locale of interest. If 
multiple-image data sets exist. the researcher must be 
able to access information that hill help identify the 
best data sets for a particular project (e.g., if there 
are 20 Landsat images over the area, which one 
should be used). Information needed to select an im- 
age includes data quality. cloud cover, sun elevation, 
and weather information (e.g., visibility. wind 
speed, water vapor content). When using data from 
multiple sources one of the most critical re- 
quirements is that the various data be geometrically 
coregistered in the desired projection. Thus, once the 
various data sets hsve been collected and are in 
digital form the next step would begeometric correc- 
tion. Without good registration, the analysis and in- 
formation extraction process can generate un- 
satisfactory results. Rectification is currently one of 
the most time-consuming steps in data reduction, 
and most researchers would prefer not to deal with 
this complex task. An Eos data and information 
system should provide standard services that include 
projection changes, image cnregistration, vector-to- 
raster conversion, and generation of data sets with 
various grid point settings. 

Another critical task is radiometric calibration. 
The data and information system should be able to 
produce quantitative digital-image data representing 
some physical unit (e.g., albedo for Landsat data; 
backscatter for radar data). For imaging spec- 
trometer data, radiometric calibration should in- 
clude both instrument corrections (gains, offsets, 
noise removal) and, in some casec. correction for at- 
mospheric contributions and variations induced by 
changing incidence, emission, and phase angles. 
Corrections such as these will allow data collected at 
different times or by different satellites to be used 
and compared, because the sensor values will repre- 
sent the same physical units relative to ground 
materials or cover. 

The processing stage comprises geometric and 
radiometric calibration, and once complete, the 
researcher can begin the data analysis and informa- 
tion extraction phase. 01:. 0; the first problems will 
be determining which set of “group” of data should 
be used to extract the desired information. Because 
of the large volume of data that is present when 
variolis data sets are merged (e.g., imaging spec- 
trometer has dozens of image planes; thematic map- 
per has three visible, three near-infrared, and one 
therinal band; synthetic aperture radar with one 
microwave band; plus topography, digitized soil 
data. and geophysical data), the researcher must 
consider ays of grouping the da!a into subsets. The 
choice can be a subset of three bands, which has the 
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most information (with the least amount of duplica- 
tion) for color composite representation or digital 
classification; or bands where data with high correla- 
tion can be grouped together. Statistical methods 
such as principal components analysis, “selective” 
principal components analysis, and optimum index 
factors can be used to accomplish data plane reduc- 
tion and help extract information from the data. 
These techniques must be used because of the large 
number of combinations that can be generated (e.g., 
even Landsat thematic mapper data has 15 indepen- 
dent ratios, which can be grouped into 455 three- 
ratio combinations). Alternatively, deterministic ap- 
proaches can be used, such as expert systems for 
identification of particular rock types from imaging 
spectrometer data. 

METEOROLOGICAL USES 
Meteorology has a very active component of 

operational activities involved in daily weather 
forecasting. The operational activities are strongly 
tied to numerical weather prediction models. These 
models use global coverage of various atmospheric 
state parameters (including pressure, temperature, 
moisture, and winds throughout the depth of the at- 
mosphere) and runs are made every 12 hours. 
Horizontal resolution on the order of 100 km and 
vertical resolution on the order of I kn: are required 
in the troposphere. Boundary conditions such as sea 
surface temperature, soil moisture, snow cover, 
cloud cover, and topography are required by some of 
the more advanced models. Current data assimila- 
tion models use conventional radiosonde and sur- 
face observations, satellite sounding radiometer 
data, cloud drift wind data, aircraft reports, and 
sat ell it e imagery. 

Most of the recent advances in weather fore- 
casting skill have resulted from either improved 
observing systems or better numeric models. 
Because Eos instruments will provide global 
coverage of meteorological parameters that could 
improve operational westher forecasting, there will 
be a very strong desire by the operational user com- 
munity to gain real-time access to selected Eos data. 
In particular, the moderate resolution imaging spec- 
trometer, the high resolution multi-frequency 
microwave radiometer, the laser atmospberic 
sounder, the scatterometer, and the Doppler liciir, 
would be useful for forecast models. 

Data access patterns for operational users of Eos 
data will require the full data stream processed to in- 
clude calibration, earth location, and scientific units 
in  near real-t ime (within three hours  of 
observations). Pievious experience with new data 
sources has shown that the general sequence of 
events includes theoretical studies that show the 
potential impact of the new data, data systems tests 
of one to three months when the data first become 

available, followed by eventual operational utiliza- 
tion. The theoretical studies generally precede the 
data systems tests by 1 to IO years. The data systems 
tests are usually performed within the first year of 
data availability. The processing system is set up to 
provide data in near real-time for a one to three 
month test period. It is set up as a “bare bones” 
system without the redundancy, complete documen- 
tation, etc.. required of an operational system. New 
data are fed into a model running in parallel to an 
operational model, and the forecasts are compared 
to assess the impact of the new data. These data 
systems tests are generally run in real-time with a 
y c t  facto analysis and evaluation period. If the data 
show a positive impact, they are then brought into 
operational use with the necessary processing equip- 
ment and software being procured to provide re- 
liable service. This generally requires one to three 
years after the data systems tests. If the satellite 
system providing new data will not be available for a 
number of years, the sequence stops at the data 
systems test until an operational satellite system is 
being procured. This generally requires five to eight 
years after the initial data availability on a prototype 
satellite system. 

Field Studies 
There have been a number of large me- 

teorological field studies (BOMEX 1968, GATE 
1975, SESAME 1979, FGGE 1979, etc.) that last for 
several months and focus on a particular phenome- 
non, such as tropical convection. These studies use a 
combination of in siru instruments and remote sens- 
ing gadgetry. An operations center directs the place- 
ment of aircraft and dictates instrument schedules to 
maximize information on the mechanisms under 
study. In order to do this, the operatiocs center re- 
quires real-time, quick-look data from all instru- 
ment systems, including satellite instrumentation. In 
previous field experiments, satellite data have either 
been received and processed directly at a field site, or 
arrangements have been made to have the data 
received and processed at a central facility and then 
transmitted to the field site. 

Following the field exercise, there generally is a 
two to five year period where research groups do in- 
tensive studies with the data. Quick-look field pro- 
cessing of the data has already established a general 
framework of locations, times, etc., that are most 
promising for further study. Hence, the catalog re- 
quirements are fairly straight forward, including lists 
of times, dates, etc., of dataavailability, data quality 
indicators, etc. Prior experience with archives of 
satellite data used within field experiments has 
shown that approximately 20 to 100 separate groups 
will request aata. Data requests are generally for 1 to 
10 computer tapes, with an occasion11 user re- 
questing IOOor more tapes. For a two-month experi- 
ment, frequently two to five days will be selected by 
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most groups for intensive study with a few groups re- 
questing data throughout the entire time period. The 
data requests generally reach a peak about one to 
two years after the field experiment. The studies 
generally have a requirement for merged data sets 
from a large number of different data sources. 
Hence, accurate location information is extremely 
important in these studies. Calibration and conver- 
sion to scientific units is also required for these 
studies. 

The actual instruments of interest for a given 
field of study will vary according to the purposes of 
the experiment. The Eos Surface Imaging and Soun- 
ding Package (SISP), Sensing with Active Micro- 
wave (SAM) package, and the Atmospheric Physical 
and Chemical Monitors (APACAM) would have in- 
struments of interest, including very limited data sets 
of the very high-resolution imaging spectrometers 
and synthetic aperture radar instruments. 

Case Studies 
Meteorological case studies generally focus on a 

specific time and place where a particular meteor- 
ological phenomena is occurring. The investigators 
are generally of two types. those having specific 
times and places already established from other data 
sources (these investigators are generally like field 
study investigators in that all they require are !ists of 
times and locations of data abailability, quality in- 
dicators. etc.) and those with only a specific phe- 
nomena in mind (but no time or location). These re- 
searchers I equire extensive browse capabilities to lo- 
cate likely data sets. The most successful browse ca- 
pability includts sampled data sets in an image or 
graphical presentation. Books, rncvieq, video discs, 
etc.. of these-sample data pets can bc rapidly exam- 
ined to locate a place and time that shows the desired 
phenomena. Then, the listings of data times, avail- 
ability, etc-., arc wed to order data. 

VEGETATION BIOMASS 
The purpose of this type of research is to gain a 

better understanding of the spatial distribution of 
vegetation charactcristics and processes, including 
biophysical factors (leaf area index, biomass, net 
primary productivity, canopy temperature, and 
albedo), and plant physiolcgical processes (evap- 
otranspiration. photosynthesis, and respiration). 

Objectives include: developing methods to mras- 
ure (by remote sensing) biomss and net primary 
production of terrestrial vegetation, and to employ 
satellite images for assessing and improving the cur- 
rent representational accuracy of continental-scale 
land cover information. 

Lqproach 
Two approaches would be employed in this type 

of research. The ability to infer key vegetation 

characteristics from remote sensing data is central to 
the economy of large-scale research. Therefore, in 
the first approach, spectral signatures of vegetation 
would be collected and correlated with laboratory 
measurements such as leaf reflectance. These data 
would be used to interpret measurements from air- 
craft and spacecraft where atmospheric conditions 
attenuate and distort the characteristics of the 
signatures. 

The second approach would employ both 
manual interpretation and machine classification of 
satellite data to stratify vegetation and other surface 
features into broad, physiognomic categories (based 
on vegetation structure) suitable for global com- 
parison. Aerial photographs, field reconnaissance 
and other data sources would be used in this analysis. 
Maps would be derived on scales consistent with PX- 
isting small-scale vegetation maps. This approach 
would provide both a comparison for current infor- 
mation sources, and an assessment of the methodol- 
ogy of very large-area vegetation mapping. How- 
ever, because of the resources that would be required 
to process data for the entire land surface of the 
Earth, an appropriate strategy would include the iiSe 
of coarser resolution la ta  for primary stratification 
in a multistage sampling approach. Even using 
coarse-resolution data and statistical sampling, 
assembling the reqeired data would be a significant 
challenge. 

Information System Considerations 
In :upport of this research. a data and infornia- 

tion system should provide coniputation and infor- 
mation management support for a highly dynamic 
and diverse set of processing and data requirements 
that result from biospheric research needs. The ser- 
vices of the system should include data acquisiiioii, 
search, brob\se. access, preprocessing, image pro- 
cessing and display, data management (physical and 
electronic), and operational management functions. 

Data Access: Online catalogs of and browse 
access to archibal data would be beneficial. In 
addition, the Ebility for direct ordering would 
also be of value. The capability to browse 
large-image data ba\es before ordering images 
Mould be an important function. 

Dat? Input: Direct transmission of in sifu data 
(both vegetation arid radioinetric) between 
field sites and processing centers would reduce 
delays by an order of magnitude( from months 
to a feH days). En t ry  or conversion of an- 
cillary data (topographic. soils, climatic) to an 
acceptable format would add significantly. 

Preprocessing: Regist rat ion (band-to-band 
and sensor-to-sensor) and comnioii data for- 
matting would be of tremendous value and 
high priority. Also of value would be the 
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capacity to  digitize photographs with interac- 
tive input from investigators at remote 
locations. 

4. Analysis: Efficiency of analysis could be in- 
creased 11 red-iime interaction between cen- 
ters and remote ;:.vestigators were possible. 

5 .  Archival Storagc and Catalog: An active 
directory with up-to-date documentation of 
parallel and ancillary data sets held within 
and external to Eos would be of great value 
and high priority. 

6. Distribution and Network: Access to 
geographically dispersed data bases and the 
ability to overlay them in common format is 
of high priority. Data, besides being in com- 
patible file format, must carry documenta- 
tion of quality and type. Time scales for such 
access should be on the order of a few days. 
Networks of computer processors would be 
valuable. 

7. All of the above require that an advanced 
data management and control system be a 
part of the overall Eos concept. This system 
should facilitate researcher access, process- 
ing, and analysis in a manner essentially 
transparent to the scientist. It should in effect 
permit scientists to function as scientists, not 
librarians, communications experts, image 
processing specialists, or computer scientists. 

TEMPORAL INFORM ATION 
EXTRACTION 

Vegetation Mapping 

Along CIY!%+~I areas of the Colorado River, three 
to four major cross are grown with ii I igation water 
from the river. The amount of water that can be 
used is strictly controlled, and information on its 
use is gathered by the Waler Resources Division of 
the United States Geological Survey. Information 
gathered with stream gauges along the river is used 
to compute water usage. A study was conducted to 
see if Landsat multispectral scanner data could be 
used to predict water usage along the river. The 
method used a ratio of band 4 (chlorophyll) to 7 
(vegetation cell structure) to map the crops in an 
area. Then, known water usage for each crop was 
used to predict the amount of water removed from 
the river and the data sets correlated. This is clearly 
a time-dependent problem. 

There are a number of problems where temporal 
changes (man-made or naturally occurring) are of 
interest. There are several simple statistical 
parameters that can be computed for images and 
used to monitor temporal changes of interest. 
Statistical information that can be used for this pur- 
pose includes the average, standard deviation, and 
skew coefficient, plus the correlation coefficient 
between images and a mean image for the area. 
Principal components of the images would also be 
useful to identify changes that have occurred. 

With Eos data bases, differences between the 
averages and standard deviations of images can be 
used to check for low frequency and total contrast 
changes. The correlation coefficient between the 
mean and any given image can be used to select im- 
ages that warrant examination. Temporal monitor- 
ing and comparisons should be made against the 

Mapping Lava Flows 
Updating Digital Line Graph Data 

To understand volcanic processes and to gauge 
the extent of potential hazards, radar images col- 
lected every four to six hours over active volcanic 
fields are used to map the spatial distribution, flow 
direction, and volume of each new flow. Data must 
be collected during the eruption regardless of the 
weather conditions. Because of high cloud cover 
probabilities, an imaging radar system would have 
to be used. If radar stereo images were collected, 
topographic information befcre and after the 
various eruptions could be produced and used to 
calculate the volume of magma erupted. Topo- 
graphic data could also be used to compute slope, 
which is used to predict the direction and possible 
speed of any new flow. Eos and aircraft data 
could be used to meet the temporal coverage 
requirements. 

The Mapping Division of the United States 
Geologic Survey generates Digital Line Graph data 
by digitizing most of the information present on 
either 1:250K or 1:24K topographic maps (e.g., 
roads, railroads, drainage features). They are in- 
terested in using data collected by remote sensing 
instruments to updite their Line Graph files. High 
spatial-resolution image data that have been geo- 
metrically and radiometrically calibrated is re- 
quired. Digital processing techniques for pattern 
recognition and classification should be used (e.g., 
mapping of roads) and the registered Line Graphs 
should be periodically updated. Image data with at 
least 10-meter spatial resolution recorded in one to 
three spectral bands will be needed. Useful bands 
will be similac to thematic mapper bands 2, 4, and 
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5 .  A single band with five-meter spatial resolution 
may be preferred because of the very fine detail that 
will be needed for identifying roads and other high- 
frequency patterns (spatial information may be 
more important than spectral information for this 

application). Although a high spatial-resolution im- 
eger is not included on the current Eos payloads, 
one can imagine that an Eos Information System 
could provide directory and catalog information for 
this type of data. 



This report presents more than l00requiremerts 
and recommendations concerning the functional 
characteristics and slttributes of a requisite data and 
information system for Eos. We include this Appen- 
dix as a means for assessing the interdependence of 
functional system elements and as a convenient 
reference for analysis of the architectural example 
presented in Chapter 111. This listing is not complete, 
nor is it iritende.1 to be the sole reference for in- 
dividuals seckkg a definitive accounting of re- 
quirements and recommendations set forth by the 
Eos Data Panel. Rather, it is meant to show the rela- 
tionship between functional elements of an Eos data 
and information system and to allow the reader to 
quickly obtain an overview of tbe requirements con- 
tained vithin this report. Eos Data Panel recommen- 
cla.ions should not be taken out of context, and 
thereiore the reader is referred to the main body of 
this report for a complete accounting. 

The requirements listed below are grotrped into 
seven generic classifications: Eos flight systems, 
uxr,  operational, information services, advanced 
data base management, data processing, and non- 
Eos data base functions. An eighth category, 
management considerations, has bee0 included and 
contains recommendations dealing with both im- 
plementation and the unique characteristics of the 
data and information system. The seven classes of 
system requirements are subdivided as appropriate 
and references to text indicated. No priority is in- 
dicated by the relative order in which these recom- 
mendations or requirements are listed. 

1. FLIGHT SYSTEMS FUNCTIONS 
1. Execution times for any system operation 

within an Eos data and information system 
should be in seconds, and those for archival 
data should be within minutes for small 
volumes, and days for large volumes, 
depending on the priority of the request. 

2. The Eos spacecraft should include a flexible 
flight information subsystem for controlling 
onboard processing of both uplink and 
downlink iuformaiion. 

3. Interactive commands that require critical 
onboard resources should be processed ccn- 
trally at a ground-based control center, while 
non-interactive commands should be directly 
transmiwd from the user to the onboard 
system foi final assessment and forwarding 
to the appropriate instrument or subsystem. 

4. Onboard systems should be used for deci- 
sions when rnpid response is needed (e.g., 

gain settings or filter changes, or data acqui- 
sition rates during anomalous conditions). 

5 .  Flight instruments will require a certain level 
of onboard monitoring to ensure their func- 
tional capability and to format, error code, 
and buffer telemetry data, as well as the 
merging of critical ancillary data needed for 
quick-look and other analyses. 

6. The flight data system should be capable of 
xquiring aiid merging ancillary (e.g.. time 
and position) and correlative (e.&, in situ) 
data into instrument data streams. 

7. It should be possible to receive directly 
transmitted data at any modestiy equipped 
ground station that is within line of sight of 
an Eos platform. 

8. At least 95 percent of the real-time data 
broadcast by the satellite should be received, 
preprocessed, and dispiayed within 60 
Eeconds from the time of transmission. 

9. In order to buffer the high-peak data rates 
and to guard against momentary TDRSS 
channel outages, an onboard data storage 
capability should be developed. 

11. USER FUNCTIONS 

1. Capabilities of data centers should be 
periodicall? evaluated by key personnel whc; 
lead activities of instrument teams and active 
data base sites. 

2. AH Eos data should be validrted to the 
satisfaction of the research community. 

3. Invebtigators will require quick-look data 
sets for instrument command decisions, and 
for preliminary scientific analysis. 

4. Users will submit instrument requests to an 
instrument operations center for execution. 
This interaction will most likely occur over 
an electronic information network. 

5 .  One of the unique features of Eos is the re- 

6. 

quirement that a researcher return to the ar- 
chives the results of his research, in the form 
of reduced or derived data (Le., value-added 
data). 

Instrument teams will g i d e  instrument and 
algorithm development and will be involved 
in mission operztions. 
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111. OPERATIONAL FUNCTIONS 

A. Mission 

I .  A master schedule should be updated e\ ery 
orbit and it  should con:ain logistical infor- 
mation needed to plan an observation. 

2. A mission operations center is the focus fo r  
real-time command dnd control of the space 
platfolm. Instrument operations center(s) 
are the focus for Eos instrument operations. 

3. Subsystems of ihe Informaion system will 
support mission operations, inc uding rele- 
vant network functions, acquisition and 
delivery of dath to mission and instrument 
repositories. quick-look data production, 
and the large-scale processing needs of in- 
strument teams. 

4. Instrument teams will guide instrument and 
algorithm development 3nd will bc involved 
in mission operations. 

5 .  A mission operations center will need to 
continually monitor a sampling of data in 
near-real time for quality control, error 
detection. and instrument assessment. 

6. The capability to rxonfigure observatiocal 
sequences xhen malfunctions or special 
events occur is needed. 

7. I f  problems occur, control centers need to 
have the capability to trace the data flow 
back through the proceJsing system to the 
instrument, aiding in the isolation and cor- 
rection of these problems. 

8. The capability should exist to integrate com- 
mands and create command sequences from 
simple requests to complex operations that 
require the coordination of multiple sub- 
systems and instruments. 

9. Access security must be maintained at ap- 
propriate levels at all times. 

IO. All Eos instrument parameters should be 
monitored by examining their performance 
statistically. 

11.  Automated command xequence construc- 
tion, together with the necessary computer 
involvement in routine spacecraft com- 
munications, should be available in mission 
operations computers. 

12. In  some cases, instrument command deci- 
sions will have to be made within the time 
period of one orbit. 

B. Instrument 
1. A miy,ion operations center is the focus for 

reaLtime command and control of the space 
plat form. lnstrument operations centers are 
the focus for Eos instrument operations. 

2. Access to spacecraft subsystems should be 
channeled transparently through any con- 
trol system for non-interactive ccmmands. 

3. Commands should be categorized as non- 
interactive, interactive, and critical. 

4. Research groups should have the capability 
IO request acquisition of special obser- 
vational sequenczs from oce or more 
instruments. 

5 .  Instrument :earns may require command 
control over various instruments to satisfy 
scientific objectives. 

6. Researchcrs will require near-real-time pro- 
cessed data to decide, for example, appro- 
priate locations for molile. in silu instru- 
ment systems (e.e., aircraft, ships). 

7. Instrument specialists and operations per- 
sonnel *ill require rapid decision-making 
capabilities This requirement includes 
establishin2 real-time processing and display 
capabilities that can be utilized to monitor 
events. 

8. All Eos instrument parameters should be 
monitored by examining their performmce 
stat ist icall y . 

9. I f  problems occur, control cent !rs need to 
have the capability to trace the data flow 
back through the processing system to the 
instrul..ent, aiding in the isolation arld cor- 
rectiblr of these problems. 

IO. Users will submit instrument requests to the 
instrument operations centers for execstion. 
This interaction will most likely occur over 
an electronic information network. 

IV. INFORMATION SERVICES 
FUNCTIONS 
1.  Required functions and capabilities shoi: 

not constrain physical location of personncA, 
data, or processing capabilities. 

2 .  A major goal of the system should be to pro- 
vide remote electronic access for the scien- 
tific community to the vziiety of capabilities 
and services that Eos will provide. 

3. Particular emphasis should be plazed on 
technology associated with transparent ac- 
cess to dispersed, hetero7eneous data bases. 
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4. The system will require cost-effective net- 
work capabilities, including direct broadcast 
access. 

5 .  The network should provide access to mis- 
sion operations, archives, selected active 
data bases, and t o  large mainframe 
computers. 

6. Data center personnel should manage the 
network, ensuring that the data centers are 
involved directly in many key aspects of the 
project. 

7. Because of rapid advancements in the 
telecommunications industry, and the long 
lead time for Eos implementation, the 
telecommunications requ;, ements should be 
periodically reevaluated and updated as new 
technologies become more readily avaiiable. 

8. Commcnications linking quick-look users 
with data reI xitories will be required. Data 
rates between 56K baud and 1.5M baud will 
likely be required on this lick. 

9. The system should provide for a spectrum of 
electronic data delivery rates, ranging from 
9,600 baud to 6.3M baud. 

10. Access security should be maintained at ap- 
propriate levels at all times. 

11. Provisions should t e  made within the net- 
work design for future expansion to accom- 
modate new mer’s access to the services and 
capabilities afforded. 

12. NOAA and its international clientele will re- 
quire separate data storage and relay systems 
for data delivery if  they deploy operaticnal 
instruments on  an Eos spacecraft. 

13. Subsystems of the information system will 
support mission operations, including rele- 
vant network functions, acquisition and 
delivery of data to mission and instrument 
repositories, quick-look data production, 
and the large-scale processing needs of in- 
st r um en t t earns. 

14. Users will submit instrument requests to the 
instrument operations control centers for ex- 
xution. This interaction will most likely oc- 
cur over an electronic information network. 

15. Access security must be maintained at ap- 
propriate ievels at all rimes. 

V. ADVANCED DATA BASE 
MANAGEMENT FUNCTIONS 

A. Electronic. Directory 

chers will require an electronically accessible 
directory of pertinent Earth sciences data. 

2. Self-documenting software will be required 
to create directory entries for newly acquired 
data. 

3. The Earth science data directory requires 
maintenance aEd periodic updating as 
project-sponsored researchers identify new 
data sets and as new Eos data are acquired. 

4. The master directory should include infor- 
mation on non-Eos data deemed pertinent by 
Eos-sponsored researchers. 

5. A researcher ckuld  be able to search the 
directory by project, platform, instrumen;, 
data processing level, version, parameter, 
time, location, or any combination of these 
attributes. 

6. The directory should include information 
about supporting catalog access. 

B. Electronic Catalog 

1. Eos-sponsored multidisciplinary and multi- 
ple data source, disciplinary-oriented resear- 
chrrs will require electronically accessible 
catalogs of Earth sciences data. 

2. Selfdocumenting software will be required 
to maintain aqd update the catalogs as new 
data are acquired. 

3. The Eos data catalog should be accessible by 
project, platform, instrument, data process- 
ing level, version, parameter, time, geo- 
graphic location. or any combination of the 
above. 

4. The Eos catalog should contain a use trace in- 
cluding user name and address for any par- 
ticular data set. 

5 .  To the extent possible, the Eos project should 
endeavor to create, maintain, and update 
similar catalog services for pertinent data 
held external to the project. 

C. Browse Files 

1. The Eos project will be required to create, 
main!ain, and update browse tiles within the 
archival system. 

2. Browse files should be updated in real-time 
for non-image data. 

! . Eos-sponsored multidisciplinary and multi- 
ple data source, disciplinary-oriented rcsear- 

3. Near-real-time updates will be required for 
some critical image data. It is anticipated 
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4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

that these data will be of reduced resolu- 
tion (either spectrally or spatially). 

Browse files should be accessible on an in- 
strument, time, geographic location, or 
any combination of these factors. 

Browse files should be searchable visually 
via attributes and by expert systems. 

Data attributes (e.&. cloud type and cover, 
vegetation type and cover, snow cover. 
data quality) should be appended to an in- 
ventory itiord within the browse files. 

Attribute files should be expandable, ena- 
bling researcher-identified attributes to be 
added subsequently. 

Researchers will require processing of 
reduced-volume data sets to Level 2 for 
browse purposes. 

Pattern recognition algorithms should be 
developed and applied to browse data for 
attribute identification. 

Online browse capabilities may not be 
possible for many users; this will 
necessitate publication of an image browse 
catalog. 

Consideration should be given to creating 
special purpose browse files interactively. 

D. Data Ordering 
1. 

2.  

3. 

4. 

The system should support online, elec- 
tronic ordering of all Eos data. 

To the extent possible, the system should 
support the online, electronic ordering of 
pertinent non-Eos data sets. 

Interactive ordering capabilities should be 
available with at least 9,600 bps dial-up 
links. 

The system should be available on a con- 
tinuous basis and be sized to handle at least 
100 simultaneous users. 

E. Documentation 
Documentation is considered to be a vital 
part of the data record and should be 
stored and maintained with tne same care 
as the data per se. 

The documentation should include a con- 
cise description of in st r ument speci fica- 
lions, including the nature of physical 
variables measured, noise characteristics, 

internal and external processing history, and 
coding of telemetry. 

3. All sources of calibration information, pro- 
cedures, and iesults must be identified and 
placed in the archival documentation. 

4. An annotated bibliography covering all per- 
tinent papers and reports published in the 
refereed literature should be included as a 
part of the project’$ documentation (e.&, 
instrument descriptions, observations and 
sequences, calibration and sensitivity 
studies, precision and accuracy of 
measurements). 

5.  Documentation should also include any in- 
formation pertinent to scientific interpre- 
tation of the data produced by various 
experiments. 

6. Consideration should be given to providing 
online, electronic access to technical reports 
and memoranda (Le., the gray literature). 

F. Archives 
1. The archival system should be able to 

assimilate data at all processing levels. 

2 .  Access to non-Eos data that are needed for 
Drocessing of Eos data or by Eos in- 
vestigators will be required. 

3. In siru data used in the processing or valida- 
tion of Eos data should be easily accessible 
and maintained within the archives. 

4. The archives must be able to assimilate, 
maintain, and distribute higher level or 
reduced data sets produced by either active 
data base sites or by individual investigators 
in their research work. 

5 .  Directory and catalog entries for all data 
stored and maintained within the archives 
will be required. 

6. The archives will require a fast, efficient, 
and cost-effective retrieval system for all of 
its data holdings. 

7. A history of both instrument and algorithm 
performance should be maintained and ac- 
cessible via the archives. 

8. The Eos archival subsystem should be ac- 
cessible from remote terminals and worksta- 
tions via a prompting menu or natural 
language interface. 

9. All capabilities and functions of the archival 
subsystem should be fully documented in a 
xser handbook and in online help files. 
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10. The archives should maintain a complete in- 
ventory of relevant scientific and technical 
documents concerning the data and the 
archives. 

11.  Processed data should be retained in access- 
ible form, along Hith associated documenta- 
tion. to avoid redundant processing. 

G. Standards and Formats 

poses during fixed periods of time (e.g.. 
scientific processing for particular instru- 
ment team activities). 

7. Access security must be maintained at ap- 
propriate level\ at all times. 

8. Users identified as requiring access to real- 
time. quick-look information need interac- 
tive image processing and display 
capabilities. 

1. Considerable and careful attenrion must be 
given to the adoption of standards and for- 
mats; the research community should be in- 
timately involved in this process. 

9. Processing facilities mi l l  be needed 10 sup- 
port requested higher-level data processing 
for scientific research purposes. 

2. We envision the necessity for an entire suite 
of format structures and. consequently, 
system transparency remains an ovsrriding 
concern. 

3. Consideration should be given to various 
standards adopted by the Space Station Pro- 
gram in areas of aierlapping concern i f  they 
are acceptable 10 Eos. 

4. Careful consideration should be given to 
\\o:king \kith both established national and 
international committees addre.,' 0 stan- 
dards and possible adoption of the stan- 
dards thar they recommend. 

5 .  A common. standard glossary containing 
operational definitions used sii thin Eo\ 
should be created and maintained by the 
project. 

VI. DATA PROCESSING FUNCTIONS 

IO. Data reduction. grid overlay, standard pro- 
jection. data set merger. etc., Hi l l  be re- 
quired by Eos researchers. 

1 1 .  Distributed data processing facilities Hi l l  be 
required to perform similar higher-le\el data 
processing functions. 

12. All data processing requiremests are in- 
dependent of specific organizational 
assignments and must be met by any facilit) 
(including commercially operated) that is 
producing Eo5 data. 

13. Access to larpe mainframe computer facili- 
ties nil1 br required for Eo\ researchers 
engaged in model de\ elopment, evaluation. 
simulation, and esperimentation. 

14. Data sequence and encoding peculiarities 
mu\[ be removed by the data reception 

em. 

VII. NON-EOS DATA BASES 
FUNCTIONS I .  Procersing requirements ti i thin the system 

\\i l l  range fwm rau data to fully processed 
scientific data. I .  Xlanv Eoi-sponsored research tasks \ \ i l l  re- 

quire access to operational data bases such 
as NOAA's. The project should make every 
effort to pro\-ide this access in a u\er 
transparent fashion. 

2. International data bates such as the holdings 
of the World Data Centers uill be required 
bv Eos researchers. Access to these data sets 

2. Instrument-specific. near-real time. or esen 
real-time data processing. deliver!, and 
displa! Lapabilities uill be required. 

3. Algorithms to be used for processing data 
sbould be a p p w e d  and i d l y  validated by 
the research community. 

4. Requirements for processing include: Le\el \hould be throup_h the Eos data and infor- 
0. all data (for temporan repositorie\); rnation system. . .  
Level I .  ail data (for long-term archives); 
Lekels 2,  3, and 4. only upon request. 3.  National archiLes such as those of the Na- 

tional Climate Center. National Ocean- 
5 .  The requisite data processing capability ographic Data Center. etc. ihould be online 

musc support some near-real-time data and 
information processing. These recult\ 

to Eo\ researchers via the datd anu informa- 
tion sbstem. 

chould be available to the requester mithin 
the time period of one orbit. 

capable of enhancement fo: special pur- the information rystem. 

4. Reduced data sets produced fram data 
derived from other archiies, as uell as the 

6. Data processing subryrtems should be original data, \hould be maintained within 
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5 .  

6. 

Directory entries covering pertinent, non- 
Eos data sets should be obtained and main- 
tained within the system. 

The data and information system should ac- 
comodate catalog entries for non-Eos data 
sets. 

VIII. MANAGEMENT 
CONSIDERATIONS 

I .  The scientific community must be involved 
dilting the development and evolution of the 
70s  data and information system. 

2. Active researchers should have an oversight 
and review responsibility for the data and 
information system. 

3. NASA management should pay particular 
attention to existing National Academy of 
Sciences reports dealing with space research 
data systems. 

4. A crucial difference between Eos and pre- 
vious flight projects that requires procedural 
changes is the length of the effort. 

5 .  An Eos data and information system must 
evolve and be a system that ir.cludes geo- 
graphically distributed sites of varying capa- 
bility and responsibility. 

6. A critical factor in devebping the Eos data 
and information system will be strong in- 
teraction and close collaboration with ongo- 
ing research efforts that emphasize the col- 
lection and analysis of multiple data sets. 

7. We recommend that the Global Resource In- 
formation System concept be focused on 
Eos objectives. then utilized for developing 
the network services aspects of the Eos data 
and information system. 

8. We recommend that the Earth Science and 
Applications Division fund a limited num- 
ber of multidisciplinary research teams to 
investigate a select number 0: objectives in 
hydrology, biogeochemistry, and climatol- 
ogy using existing data sets. 

9. We recommend that the Eos data and ififor- 
mation system be built on the experience 
gained with existing Earth science pilot pro- 
jects, that these projects be focused toward 
Eos objectives, and that close collabora- 
tion be maintained with the UCAR Unidata 
initiative. 

IO. We recommend that planning and evolu- 
tionary implementation of an Eos data and 
information system begin without delay, 
enabling the resultant system to reflect the 
experience and expertise of those people 
who must manage and utilize its capabilities. 

11.  Eos should accommodate operational users 
i f  their activities do not detrimentally impact 
the condm of Eos-sponsored research. 

12. I f  operational uses are made of Eos data, 
and if these uses significantly affect the in- 
formation system, then those operational 
agencies should provide enhancements to 
the system to meet their needs. 
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